



T^E EFFECTS 


or 


CEOSS AND SELF FERTILISATION 

IN THB 

VEGETABLE KINGDOM. 


Bl CHARLES EAEWIN, LL.D., F,R.S., 

'ETC. 


SECOND EDITION. ■ 


LONDON: 

JOHN MUERAY, ALBEMAEtE 9TBBEJ'. 
187 ?. 


fb€ rigU Tromlation is resort^ 



BY THE SAME AUTHOR. 


ON THE ORiaiN OF SPECIES BY MEANS OF NATURAL 
SELECTION ; or. The Pokweiivation op Favouked Racks w the Struoglk 
FOB Life. Sixth Edition. Twentieth Thousand. Mubway. 

THE DESOKNT OF MAN, AND SELECTION IN RELA- 
TION TO SEX. With Illuatrations. Second Edition, revised and aupimented. 
Thirteenth Thousand. Mukkat. 

THE VARIATION OF ANIMALS AND PLANTS UNDER 
IXIIVIESTICATION. With llluBtrationa. Second Edition, revised. Fourth 
Thousand. 2 vole. Mckkay. 

THE EXPRESSION OP THE EMOTIONS IN MAN AND 

ANIMALS. With Photographic and other Illustrations, ^iinth Thousand. 

MuruaY. 

ON THE VARfOUS ( ONTRI VANCES by which BRITISH 
ANT> FOREIGN OIKTIIDS ARE FERTILISED BY INSECTS. Fec(md 
Edition^ revised. With Woodcuta. Mubbay. 

INSECTIVOROUS PLANTS. With Illustrations. Third 

Ttumsard. Mdriiay. 

THE MOVEMENTS AND HABITS OP CLIMBING 

PLANTS. With lllwstratlons. Second Jiditirm, rtvtt^ui, AIorkay. 

THE EFFECTS OF CROSS AND SELF FERTlLISATKiN 

IN THE VE<tETABLE KlNGiiOM. Seeond Edition. Mouray. 

THE DIFFERENT FORMS OF FLOWERS ON PLANTS 

OF THE SAME SPECIES. Muruay. 


A NATURALIST’S VOYAGE ROUND THE WORLD; or, 

A JOURNAI. OF liRSEARCnKS INTO TlfTi NaTUKAL HHsTOHT AK1> GEOLOOY OF 
THF CouMuiEft viHiU'd during tho Voyage of ll.M.S. ‘ Beagle,’ under the com- 
mand of Capiain FiT4Roy, U.N. Thirteenth Thousand. Mukray. 

STRUCTURE AND DISTRIBUTION OF CORAL 

REEFS. Second t dition, revised. Smith, Eli>lr & Co. 

GEOLOGICAL OBSERVATIONS ON THE VOLCANIC 

,‘f ‘''V OK S()UTU AMEltlCA. v.siM rtniiiiK 

of '1)00816.' Second Mdion. Ssiitn, EiILbi, * Co. 

A MONOGRAPH OP THE CIRRIPEDIA. With numerous 

Illostrabom. i! v<.l8. »v«. Uay Soocty. Uauow.cks. 

A MONOGRAPH OF THE FOSSIL LEPADID P on 
PEWJNCULATKD CIERIPEDS OP OUKAT WtlTAlN AUIU.*, OR 
PALAEONTOOUAriltCAL SOCIETY, l»Bl, 

A MONOGRAPH OF THE FOSSIL BALAMinp a-miy 
veukucioa; ok gkeat bkitain bauanida AND 

pAl.Ai®ONTOOEAPIUOAL SOCIKTY, 1854. 


FACTS AND ARGUMF.NT8 FOR DARWIN Hr F.,,.™. 



CONTENTS. 


CHAPTEE I. 

Intuodoctory JIemaeks. 

Various means which favour or determine the cross-fertilisation of 
plants — ^Benefits derived from cross-fertilisation — Self- fertilisa- 
cion favourable to the propagation of the species — Brief history' 
of the subject — Object of the experiments, and the manner in 
which they were t^ied — ^Statistical value of the measurements — 
The cx]Xiriments parried on during several successive genera- 
tions — Nature of the relationship of the plants in the later 
generations — Uniformity of the conditions to which the plants 
were subjected — Some aj>paroiit and some real causes of error — 
Amount of pollen employed — Arrangement of the 'work — 
Importance of the conclusions .. •. .. .. Page 1-27 


CHAPTEE IL 

CONVOLVULACEiE. 

Ipomoea purpurea, comparison of the height and fertility of the 
crossed and self-fertilised plants during ton successive genera- 
tions — Greater constitutional vigour of the crossed plants — 
The effects on the offspring of crossing different flowers on the 
same plant, instead of crossing distinct individuals — The 
effects of a cross with a fresh stock — The descendants of the 
self-fertilised plant named Hero — Summary on the growth, 
vigour, and fertility of the successive crossed and self-fertilised 
generations — Small amount of pollen in the anthers of the self- 



iV OpNTENTk 

fertilised plants of the later generations; and the sterility of 
their first-produced flowers — Uniform fcolour of the flowers 
' ^ produced hy the self-fertilised plants — The advantage from a 
cross between two distinct plants depends on their differing in 
constitution .. .. .. Page 28-62 


CHAPTEE in 

ScioPHULABUCEJE, GE8N]EliIACE-E, ETC. 

'Mimiilus luteus ; height, vigour, and fertil^y of the crossed and 
self-fertilised plants of the first fpur genibrations — Appearance 
„ of a new, tall, and highly self-fertile variety — Offspring from a 
-cross between self-fertilised plants — Effects of a cross with a 
fresh stock — Effects of crossing flowers^on the same plant — 
Summary on Mimulus luteus — Digitalis* purpurea, superiority 
of the crossed plants — Effects of crossir^ flowers on the same 
plant — Calceolaria — Linaria vulgaris — ^Verbascum thapsus — 
Vandellia nummularifolia — Cleistogamic flowers — Gesneria pen- 
dulina — Salvia coccinea — Origanum vulgare, great increase of 
the crossed plants by stolons — Ihunber^a alata 03-97 


CHAPTEE IV 

Ceucifer-s, PApaveraceje, Resedackje, etc. 

Brassica oleraa‘a, crossed and self-fertilised plants — Great effect of 
- a cross with a fresh stock on the weight of the ofispriiig — ll^ris 
umbellata — Papaver vagum — Eschscholtzia californica, seed- 
lings from a cross with a fresh stock not more vigorous, but 
more fertile than the self-fertilised seedlings — Keseda lutea and 
odorata, many individuals sterile with their own pollen — Viola 
tricolor, wonderful effects of a cross — Adonis lestivalis — 
Delphinium consolida — Viscaria oculata, crossed plants hardly 
taller, but more fertile than the self-fertilised — Dianthus 
caryophyllus, crossed and self-fertilised plants com],)ared for four 
generations 7 - Great effects of a cross with a fresh stock — 
Uniform colour of the flowers on the self-fertilised plants — 
Hibiscus africanus 98-141 



OOJ^TENTS. 


V 


CHAPTEE V. 

GbRANIACE 2E, LEGUMINOSiE, OnAGRACE J l, ETC. 

Pelargonium zonale, a cross between, plants propagated by cuttings 
does no good — Trop^lura minus — Limuanthes douglasii— 
Lupinus luteus and pilosus — Phaacolus multiflorus and vul- 
garis — Latbyrus odoratus, varieties of, never naturally inter- 
cross in England — Pisum sativum, varieties of, rarely inter- 
cross, but a cross between them highly beneficial — Sarothamuus 
Bcojmrius, wonderful effects of a cross — Ononis minutissima, 
cleistogamic flowers of — Summary on the Leguminosas — Clarkia 
elegana — Bartonia aurea — Passiflora gracilis — Apium pctrose- 
linum — Scabioati atropurpurea — Laetuca sativa — Specularia 
speculum — Lobelia ramosa, advantages of a cross during two 
generations — Lobelia fulgens — Nemophila insignis, great ad- 
vantages of a cross — Borago officinalis — Nolana prostrata. 

Page 142-187 


CHAPTEE VL 

SOLANACEJE, PRIMULAGE.®, PoLYGONE/E, ETC. 

Petunia violacea, crossed and self-fertilised plants compared for four 
generations — Effects of a cross with a fresh stock — Unifonn 
colour of the flowers on the self- fertilised plants of the fourth 
ger. ■’ration — Nicotiaua tabacum, crossed and self-fertilised 
plants of equal heiglit — Great oflects of a cross with a distinct 
sub-viuriety on the height, but not on the fertility, of the ufi- 
spring — Cyclamen persicum, crossed seedlings' greatly superior 
to the self-fertilised — Anagallis collina — Primula veris — 
Equal-styled variety of Primula veris, fertility of, greatly 
increased by a cross with a fresh stock — Fagopyrum esculentum 
— Beta vulgaris — Canna warscewiezi, crassed and self-fertilised 
plants of equal height — Zea mays — Phalaris canarieusis. 

188-237 



VI 


CONTENTS. 


CHAPTER VIL 

Summary of the Hekshts and Weights of the Crossed 
AND Self-fertilised Plants. 

Number of species and plants measured — Tables given — Pre- 
liminary remarks on tbe offspring of plants crossed by a fresh 
stock — Thirteen cases s]X)cially considered — The effects of 
crossing a self-fertilised plant either by another self-fertilised 
plant or by an intercrossed plant of the old stock — Summary 
of the results — Preliminary remarks on the crossed and self- 
fertilised plants of the same stock — The twenty-six exceptional 
cases considered, in which the crossed plants did not exceed 
greatly in height the self-fertilised — Most of these cases shown 
not to be re^l exceptions to the rule that cross- fertilisation is 
beneficial — Summary of results — Ptelative weights of the 
crossed and self-fertilised plants Page 238-284: 


CHAPTER VIIL 

Difference between Crossed and Self-fertilised Plants in 
Constitutional Vigour and in other resrects. 

Greater constitutional vigour of crossed plants — The effects of great 
crowding — Com^ndition with other kinds of plants — Self-fer- 
tilised plants more liable to premature death — (tossed plants 
genemlly flower before the self-fertilised — Negative effects of 
intercrossing flowers on the same plant — Cases described — 
Transmission of the good effects of a cross to later generations 
— Effects of crossing plants of closely rclaUid parentage — 
Uniform colour of the flowers on plants sell-fertilised during 
several generations and cultivated under similar conditions. 

285-311 


CHAPTER IX. 

The Effects op Cross-fertilisation and Self-fertilisation 
ON THE Production of Seeds. 

Fertility of plants of crossed and self-fertilised parentage, both lots 
being fertilised in tbe same manner — Fertility of the parent- 
plants when first crossed and self-fertilised, and of their crossed 



CONTENTS. 


vii 


and self-fertilised offspring when again crossed and self-fertilised 

— Comparison of the fertility of flowers fertilised with their 
own ix)llen and with that from other flowers on the same plant 

— Self-sterile plants — Causes of self-sterility — The appearance 
of highly self-fertile varieties — Self-fertilisation apparently in 
some respects beneficial, independently of the assured produc- 
tion of seeds — Relative weights and rates of gennination of 
seeds from crossed and self-fertilised flowers .. l*age 312-365 


CHAPTER X. 

Means of Fertilisation. 

Sterility and fertility of plants when insects are excluded — The 
means by which flowers are cross-fertibsed — Structures favour- 
able to self-fertilisation — Relation between the structure and 
conspicuousness of flowers, the visits of insects, and the advan- 
tages of cross-fertilisation — The means by wliich flowers are 
fertilised with pollen from a distinct plant — Greater fertilising 
power of such pollen — Anemophilous species — Conversion of 
anemophilous sj>ecics into entomoidiilons — Origin of nectar — 
Anemophilous plants generally have their sexes separated — 
Conversion of diclinous into hermaphrodite flowers — Trees 
often have their sexes separated 356-417 


CHAPTER XL 

The Habits of Insects in relation to the Fertilisation 
OF Flowers. 

Insects visit the flowers of the same six'cies as long as they can — 
Cause of this habit — Means by which bees recognise the 
flowers of the same species — Sudden secretion of nectar — 
Nectar of certain flowers unattractive to certain insects — In- 
dustry of bees, and the number of flowers visited within a short 
time — Perforation of the corolla by bees — Skill shown in the 
operation — Hive-bees profit by the boles made by humble-bees 
— Effects of habit — The motive for i)€rrorating flowers to save 
time — Flowers growing in crowded masses chiefly perforated. 

418-438 



Viu. 


CONTENTS. 


CHAPTEE XII. 

General 1{esdlts. 

Cross-fertilisation proved to be bene/icia], and self-fertilisation in- 
jurious — Allied species differ greatly in the means by. which 
cross-fertilisation is favoured and self-fertilisation avoided — 
^J'he benefits and evils of the two processes dej>end on the degree 
of differentiation in tlic sexual elements — The evil effects not 
due to the combination of morbid tendencies in the jwirents — 
Nature of the conditions to which plants are subjected when 
growing near together in a state of nature or under culture, and 
the effects of such conditions — Tlieoretical considerations with 
respect to the interaction of differentiated sexual elements — 
Practical lessons — Genesis of the two sexes — Close corrcsjion- 
dence between the effects of cross-fertilisation and self-fertilisa- 
tion, and of the legitimate and illegitimate unions of lietcvo- 
fityled plants, in comparison with hybrid unions Page 439-474 


Index 


Page 475-487 



THE 


EFFECTS 

OF 

CKOSS AND SELF-FEKTILISATION. 


CHAPTER I. 

Introductort Remarks. 

V'arious means which favour or dctermino tho cross-fertilisation of 
plants — Benefits derived from cross-fertilisation — Self-fertilisation 
tavourable to the propagation of the 8i>ecie8 — Brief history of the 
subject — Object of tho experiraoiits, and the manner in which they 
were tried — Statistical value of the moosuremonts — The experi- 
ments carried on during several successive generations — Nature 
of the relationship of the plants in the later generations — Unifor- 
mity of the conditions to which the plants were subjected — Some 
apparent and some real causes of error — Amount of i>oUen em- 
ployed — Arrangement of the work — Importance of the conclusions. 

There is weighty and abundant evidence that the 
flowers of most kinds of plants are constructed so as 
to be occasionally or habitually cross-fertilised by 
pollen from another flower, produced either by the 
same plant, or generally, as we shall hereafter see 
reason to believe, by a distinct plant. Cross-fertilisa- 
tion is sometimes ensured by the sexes being separated, 
and in a large number of cases by the pollen and 
stigma of the same flower being matured at different 
times. Such plants are called dichogamous, and have 
been divided into two sub-classes : proterandrous species, 

B 



2 


INTKODUCTORY REMARKS. 


Chap. I. 


in which the pollen is mature before the stigma, and 
proterogynous species, in which the reverse occurs; 
this latter form of dichogamy not being nearly so 
common as the other. Cross-fertilisation is also en- 
sured, in many cases, by mechanical contrivances of 
wonderful beauty, preventing the impregnation of the 
flowers by their own pollen. There is a small class of 
plants, which I have called dimorphic and trimorphic, 
but to which Hildebrand has given the more appro- 
priate name of heterostyled ; this class consists of 
plants presenting two or three distinct forms, adapted 
for reciprocal fertilisation, so that, like plants with 
separate sexes, they can hardly fail to be intercrossed 
in each generation. The male and female organs of 
some flowers are irritable, and the insects which touch 
them get dusted with pollen, which is thus transported 
to other flow^ers. Again, there is a class, in which the 
ovules absolutely refuse to be fertilised by pollen from 
the same plant, but can be fertilised by pollen from 
any other individual of the same species. There are 
also very many species which are partially sterile with 
their own pollen. Lastly, there is a large class in 
which the flowers present no apparent obstacle of any 
kind to self-fertilisation, nevertheless these plants are 
frequently intercrossed, owing to the prepotency of 
pollen from another individual or variety over the 
plant s own pollen. 

As plants are adapted by such diversified and efiec- 
tive means for cross-fertilisation, it might hav(3 been 
inferred from this fact alone that they derived some 
great advantage from the process ; and it is the object 
of the present work to show the nature and importance 
of the benefits thus derived. There are, however, some 
exceptions to the rule of plants being constructed so 
as to allow of or to favour cross-fertilisation, for some 
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few plants seem to be invariably self-fertilised; yet 
even these retain traces of having been formerly 
adapted for cross-fertilisation. These exceptions need 
not make us doubt the truth of the above rule, any 
more than the existence of some few plants which pro- 
duce flowers, and yet never set seed, should make us 
doubt that flowers are adapted for the production of 
seed and the propagation of the species. 

We should always keep in mind the obvious fact 
that the production of seed is the chief end of the 
act of fertilisation ; and that this end can be gained 
by hermaphrodite plants with incomparably greater 
certainty by self-fertilisation, than by the union of 
the sexual elements belonging to two distinct flowers 
or plants. Yet it is as unmistakably plain that innu- 
merable flowers are adapted for cross-fertilisation, as 
that the teeth and talons of a carnivorous animal are 
adapted for catching prey ; or that the plumes, wings, 
and hooks of a seed are adapted for its dissemination. 
Flowers, therefore, are constructed so as to gain two 
objects which are, to a certain extent, antagonistic, and 
this explains many apparent anomalies in their struc- 
ture. The close proximity of the anthers to the stigma 
in a multitude of species favours, and often leads, to 
self-fertilisation ; but this end could have been gained 
far more safely if the flowers had been completely 
closed, for then the pollen would not have been injured 
by the rain or devoured by insects, as often happens. 
Moreover, in this case, a very small quantity of pollen 
would have been suflScient for fertilisation, instead of 
millions of grains being produced. But the openness 
of the flower and the production of a gneat and ap- 
parently wasteful amount of pollen are necessary for 
cross-fertilisation. These remarks are well illustrated 
by the plants called cleistogamic, which bear on the 

B 2 
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same stock two kinds of flowers. The flowers of the one 
kind are minute and completely closed, so that they 
cannot possibly be crossed ; but they are abundantly 
fertile, although producing an extremely small 
quantity of pollen. The flowers of the other kind 
produce much pollen and are open ; and these can be, 
and often are, cross-fertilised. Hermann Muller has 
also made the remarkable discovery that there are 
some plants which exist under two forms ; that is, 
produce on distinct stocks two kinds of hermaphrodite 
flowers. The one fonn bears small flowers constructed 
for self-fertilisation ; whilst the other l>ears larger and 
much more conspicuous flowers plainly constructed 
for cross-fertilisation by the aid of insects ; and without 
their aid these produce no seed. 

The adaptation of flowers for cross-fertilisation is a 
subject which has interested mo for the last thirty- 
seven years, and I have collected a large mass of ob- 
servations, but these are now rendered superfluous by 
the many excellent works which have been lately pub- 
lished. In the year 1857 I wTote * a short paper on 
the fertilisation of the kidney bean ; and in 1862 my 
work ‘ On the Contrivances by which British and 
Foreign Orchids are Fertilised by Insects’ appeared. 
It seemed to me a better plan to work out one group 
of plants as carefully as 1 could, rather than to pub- 
lish many miscellaneous and imperfect observations. 
My present work is the complement of that on 
Orchids, in which it was shown how admirably these 
plants are constructed so as to permit of, or to favour, 
or to necessitate cross-fertilisation. The adaptations 


♦ ‘Gardeners^ Chronide/ 1857, * Annala and Mag. of Nat. Hiat.* 

p. 725, and 185S, p. 828. Also 8r<l aeries, vol ii. 1858, p. 462. 
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for cross-fertilisation are perhaps more obvious in the 
Orchideee than in any other group of plants, but it is 
an error to speak of them, as some authors have done, 
as an exceptional case. The levcr-like action of the 
stamens of Salvia (described by Hildebrand, Dr. W. 
Ogle, and others), by which the anthers are depressed 
and nibbed on the backs of bees, shows as perfect a 
structure as can be found in any orchid. Papilion- 
aceous flowers, as described by various authors — for 
instance, by Mr. T. H. Farn^r — offer innumerable^ 
curious adaptations for cross-fertilisation. The case of 
Posoqueria fragrans (one of the liubiaceoe), is as won- 
derful as that of the most wonderful orchid. The 
stamens, according to Fritz Miiller,* are irritable, so 
that as soon as a moth visits a flower, the anthers ex- 
plode and cover the insect with p(.dien; one of the 
filaments which is broader than the others then moves 
and closes the flower for about twelve hours, after 
which time it resumes its original position. Thus the 
stigma cannot be fertilised by pollen from the same 
flower, but only by that brouglit by a moth from some 
other floiver. Endless other beautiful contrivances for 
this same purpose could be specified. 

Long before I had attended to the fertilisation of 
flowers, a remarkable book appeared in 1793 in Ger- 
many, ‘Das Entdeekte Geheimniss der Natur,’ by 
0. K. Sprengel, in which ho clearly proved by innumer- 
able observations, how essential a }>art insects play in 
the fertilisation of many plants. But he was in ad- 
vance of his age, and his discoveries were for a long 
time neglected. Since the appearance of my book on 
Orchids, many excellent works on the fertilisation of 
flowers, such as those by Hildebrand, Delpino, Axell, 

♦ ‘ Botaniache Zeitung,’ 186G, p. 129. 
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and Hermann Miiller,* and mimerons shorter papers, 
have been published. A list would occupy several 
pages, and this is not the proper place to give their 
titles, as we are not here concerned with the means, 
but with the results of cross-fertilisation. No one 
who feels interest in the mechanism by which nature 
effects her ends, can read these books and memoirs 
without the most lively interest. 

From my own observations on plants, guided to a 
certain extent by the experience of the breeders of 
animals, I became convinced many years ago that it 
is a general law of nature that flowers are adapted to 
be crossed, at least occasionally, by pollen from a 
distinct plant. Sprengel at times foresaw this law, but 
only partially, for it does not appear that he was aware 
that there was any difterence in power between pollen 
from the same plant and from a distinct plant. In the 
introduction to his book (p. 4) he says, as the sexes 
are separated in so many flowers, and as so many other 
flowers are dichogamous, it appears that nature has 
not willed that any one flower should be fertilised by 
its own pollen.” Nevertheless, he was far from keeping 
this conclusion always before his mind, or he did not 


* Sir John Lubbof:k has given 
an interesting snmmary of the 
whole subject in his * Hritiali Wild 
Flowers considered in relation to 
Insects,* 1875. Hermann Miilh'r’s 
work *I>ie Befruchtung der Blu- 
inen durch Insekten,’ J873, con- 
tains an immense number of 
ori^nal observations and gene- 
ralisations. It is, moreover, in- 
valuable as a repertory witli re- 
ferences to almost everything 
which has been published on the 
subject. His wcu-k differs from 
that of ail others in specifying 
what kinds of insects, as far as 


known, visit the flowers of each 
species. He likewise enters on 
new ground, by showing not only 
that flowers arc adapted for tlieir 
own good to the visits of certain 
insects ; but that the insiicts 
themselves are excellently adapted 
for procuring nectar or pollen 
from certain flowers. The value 
of H. Muller’s work can hardly l)e 
over-estimatcfl, and it is much to 
be desired that it should be trans- 
lated into English. Severin 
Axell’s work is written in Swedish, 
so that I have not been able to 
read it 



Chap* L 


INTRODUCTORY REMARKS, 


7 


see its full importance, as may be perceived by any- 
one who will read his observations carefully ; and he 
consequently mistook the meaning of various struc- 
tures. But his discoveries are so numerous and his 
work so excellent, that he can well afford to bear a 
small amount of blame. A most capable judge, H. 
Muller, likewise says It is remarkable in how very 
many cases Sprengel rightly perceived that pollen is 
necessarily transported to the stigmas of other flowers 
of the same species by the insects which visit them, 
and yet did not imagine that this transportation was 
of any service to the plants themselves.’’ 

Andrew Knight saw the truth much more clearly, 
for he remarks, t “ Nature intended that a sexual in- 
tercourse should take place between neighbouring 
plants of the same species.” After alluding to the 
various means by which pollen is transported from 
flower to flower, as far as was then imperfectly known, 
he adds, ‘‘ Nature has something more in view^ than that 
its own proper males should fecundate each blossom.” 
In 1811 Kolreuter plainly hinted at the same law, as 
did afterwards another famous hybridiser of plants, 
Herbert.^ But none of these distinguished observers 
appear to have been sufficiently impressed with the 

* ‘ Die Befnichtung der BIu- % Kolreuter, * M^m. de l*Acad. 
men,’ 1873, p. 4. His words are : de St. Petersbourg,’ tom. iii. 1809 
‘‘Eeist merkwiirdig, in wie zahl- (published 181 IX p. 197. After 
reichen Fallen Sprengel richtig showing how well the Malvaceae 
erkannte, dass durch die Besuch- arc adapted for crosB-fertilisation, 
enden Insekten dor Bliithenstaub he asks, ** An id lUiquid in reoessu 
mit Notliwendigkeit auf die Nar- liabeat, quod hujusoemodi flores 
ben anderer Bluthen derseiben nunquam pronrio suo pulvere, sed 
Art ubertragen wird, ohne auf die semper eo aUartun suss sp^iei 
Vermuthung zu kommen, daas in impregnentur, merito qufleritur? 
dieser Wirkuag der Nutzen des Oerte natura nu facit frustra.** 
Insektenbesuchea fiir die Pflanzen Herbert, ‘ AmaryUidaoeaj, with a 
selbst gesucht werden musae.” Treatise on Cross-bred Vege- 

t * Philosophical Transactions,’ tables,’ 1837. 

1799, p. 202. 
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truth and generality of the law, so as to insist on it 
and impress their belief on others. 

In 1862 I summed up my observations on Orchids 
by saying that nature ** abhors perpetual self-fertilisa- 
tion.’* If the word perpetual had been omitted, the 
aphorism would have been false. As it stands, I 
believe that it is true, though perhaps rather too 
strongly expressed ; and I should have added the 
self-evident proposition that the propagation of the 
species, whether by self-fertilisation or by cross-fertili- 
sation, or asexually by buds, stolons, Ac. is of paramount 
importance. Hermann Muller has done excellent 
service by insisting repeatedly on this latter point. 

It often occurred to me that it would be advisable 
to try whether seedlings from cross-fertilised flowers 
were in any way superior to those from self-fertilised 
flowers. But as no instance was known with animals 
of any evil appearing in a single generation from the 
closest possible interbreeding, that is bt?tween brothers 
and sisters, I thought that the same rule would hold 
good with plants ; and that it would l>e necessary at 
the sacrifice of too much time to self-fertilise and inter- 
cross plants during several successive generations, in 
order to arrive at any result. I ought to have re- 
flected that such elaborate provisions favouring cross- 
fertilisation, as we see in innumerable plants, would 
not have been acquired for the sake of gaining a 
distant and slight advantage, or of avoiding a distant 
and slight evil. Moreover, the fertilisation of a flower 
by its own pollen corresponds to a closer form of inter- 
breeding than is possible with ordinary bi-sexual 
animals; so that an earlier result might have been 
expected. 

I was at last led to make the experiments recorded 
in the present volume from the following circumstance. 
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For tbo sake of determining certain points with respect 
to inheritance, and without any thought of the ofifects 
of close interbreeding, 1 raised close together two 
large beds of self-fertilised and crossed seedlings from 
the same plant of Linaria vulgaris. To my surprise, 
the crossed plants when fully grown were plainly taller 
and more vigorous than the self-fertilised ones. Bees 
incessantly visit the flowers of this Linaria and carry 
pollen from one to the other ; and if insects are ex- 
cluded, the flowers produce extremely few seeds ; so 
that the wild plants from which my seedlings were 
raised must have been intercrossed during all previous 
generations. It seemed therefore quite incredible that 
the difference between the two beds of seedlings could 
have been due to a single act of self-fertilisation ; and 
I attributed the result to the self-fertilised seeds not 
having been well ripened, improbable as it was that 
all should have been in this state, or to some other 
accidental and inexplicable cause. During the next 
year, 1 raised for the same purpose as before two large 
beds close together of self-fertilised and crossed seed- 
lings from the carnation, Dia^ithm caryopliyllm. This 
plant, like the Linaria, is almost sterile if insects are 
excluded ; and we may draw the same iiiference as 
before*, namely, that the parent-plants must have been 
intercrossed during every or almost every previous 
generation. Nevertheless, the self-fertilised seedlings 
were plainly inferior in height and vigour to the 
crossed. 

My attention was now thoroughly aroused, for I could 
hardly doubt that the difference between the two beds 
was due to the one set being the offspring of crossed, 
and the other of self-fertilised flowers. Accordingly I 
selected almost by hazard two other plants, which 
happened to be in flower in the greenhouse, namely, 
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Mimulm lutem and Ipomcea purpurea, both of which, 
unlike the Linaria and Dianthus, are highly self- 
fertile if insects are excluded. Some flowers on a 
single plant of both species were fertilised with their 
own pollen, and others were crossed with pollen from 
a distinct individual ; both plants being protected by a 
net from insects. The crossed and self-fertilised seeds 
thus produced were sown on opposite sides of the same 
pots, and treated in all respects alike ; and the plants 
when fully grown were measured and compared. With 
both species, as in the cases of the Linaria and 
Dianthus, the crossed seedlings were conspicuously 
superior in height and in other ways to the self- 
fertilised. I therefore determined to begin a long 
series of experiments with various plants, and these 
were continued for the following eleven years ; and wo 
shall see that in a large majority of cases the crossed 
beat the self-fertilised plants. Several of the excep- 
tional cases, moreover, in which the crossed plants 
were not victorious, can be explained. 

It should be observed that I have sjx)ken for the 
sake of brevity, and shall continue to do so, of crossed 
and self-fertilised seeds, seedlings, or plants; these 
terms implying that they are the product of crossed or 
self-fertilised flowers. Cross-fertilisation always means 
a cross between distinct plants which were raised from 
seeds and not from cuttings or buds. Self-fertilisation 
always implies that the flowers in question were im- 
pregnated with their own pollen. 

My experiments were tried in the following manner. 
A single plant, if it produced a sufficiency of flowers, or 
two or three plants were placed under a net stretched 
on a frame, and large enough to cover the plant 
(together with the pot, when one was used) without 
touching it. This latter point is important, for if 
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the flowers touch the net they may be cross-fertilised 
by bees, as I have known to happen ; and when the net 
is wet the pollen may be injured. I used at first 
white cotton net,” with very fine meshes, but after- 
wards a kind of net with meshes one-tenth of an 
inch in diameter; and this I found by experience 
eflfectually excluded all insects excepting Thrips, which 
no net will exclude. On the plants thus protected 
several flowers were marked, and were fertilised with 
their own pollen ; and an equal number on the same 
plants, marked in a different manner, were at the same 
time crossed with pollen from a distinct plant. The 
crossed flowers were never castrated, in order to make 
the experiments as like as possible to what occurs 
under nature with plants fertilised by the aid of 
insects. Therefore, some of the flowers which were 
crossed may have failed to be thus fertilised, and 
afterwards have been self-fertilised. But this and 
some other sources of error will presently be discussed. 
In some few cases of spontaneously self-fertile species, 
the flowers were allowed to fertilise themselves under 
the net ; and in still fewer cases uncovered plants were 
allowed to be freely crossed by the insects which in- 
cessantly visited them. There are some great advan- 
tages and some disadvantages in my having occasion- 
ally varied my method of proceeding ; but when there 
was any difference in the treatment, it is always so 
stated under the head of each species. 

Care was taken that the seeds were thoroughly 
ripened before being gathered. Afterwards the crossed 
and self-fertilised seeds were in most cases placed on 
damp sand on opposite sides of a glass tumbler covered 
by a glass plate, with a partition between the two lots ; 
and the glass was placed on the chimney-piece in a 
warm room, I could thus observe the germination of 



12 


INTBODUOTOKY EEMABKS* 


Chap. L 


the seeds. Sometimes a few would germinate on one 
side before any on the other, and these were thrown 
away- But as often as a pair germinated at the same 
time, they were planted on opposite’ sides of a pot, mth 
a superficial partition between the two; and I thus 
proceeded until from half-a-dozen to a score or more 
seedlings of exactly the same age were planted on 
the opposite sides of several pots. If one of the young 
seedlings became sickly or was in any way injured, 
it was pulled up and thrown away, as well as its 
antagonist on the opposite side of the same pot. 

As a large numl>er of seeds were placed on the sand 
to germinate, many remained after tlie j)airs had been 
selected, some of which were in a state of germination 
and others not so ; and these were sown crowded 
together on the opposite sides of one or two rather 
larger pots, or sometimes in two long rows out of doors. 
In these cases there was the most severe struggle for 
life among the crossed setMllings on one side of the 
pot, and the seif-fertilised seedlings on the other side, 
and between the two lots which grew in competition 
in the same pot. A vast number soon perished, 
and the tallest of the survivors on both sides when 
fully grouTi were measured. Plants treated in this 
manner, were subjected to nearly the same conditions 
as those growing in a state of nature, which have to 
struggle to maturity in the midst of a host of 
competitors. 

On other occasions, from the want of time, the seeds, 
instead of being allowed to germinate on damj) sand, 
were sown on the opposite sides of pots, and the fully 
grown plants measured. But this plan is less accurate, 
as the seeds sometimes germinated more quickly on 
one side than on the other. It was however necessary 
to act in this manner with some few species, as certain 
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kinds of seeds would not germinate well when exposed 
to the light ; though the glasses containing them were 
kept on the chimney-piece on one side of a room, 
and some w^ay from the two windows which faced 
the N.E.^ 

The soil in the pots in which the seedlings were 
planted, or the seeds sown, was well mixed, so as to 
be uniform in composition. The plants on the two 
sides were always watered at the same time and as 
equally as possible ; and even if this had not been 
done, the w^ater would have spread almost equally to 
both sides, as the pots were not large. The crossed 
and self-fertilised plants were separated by a supers 
ficial partition, which was always kept directed towards 
the chief source of the light, so that the plants on both 
sides were equally illuminated. I do not believe it 
possible that two sets of plants could have been sub- 
jected to more closely similar conditions, than w^ere 
my crossed and sidf-fertilised seedlings, as gro^vn in 
the above described manner. 

In comparing the two sets, the eye alone was never 
trusted. Generally the lieight of every plant on both 
sides was carefully measured, often more than once, 
viz., whilst young, sometimes again wdien older, and 
finally when fully or almost fully grown. But in 
some (mses, which are always specified, owing to the 
want of time, only one or two of the tallest plants on 
each side were measured. This plan, which is not a 
good one, was never followed (except with the crowded 


* Tliie occtirred in the plainest 
manner with the seeds of Fapaver 
vagum and Delphinium cotisolida, 
and less plainly with those of 
Adonis sustivalis and Ononis minu* 
Imiim, Rarely more than one 
or two of the seeds of these four 


species germinated on the bare 
sand, though left there for some 
weeks ; but when these same seeds 
were placed on earth in pots, and 
covert with a thin layer of san^ 
tlit'y germinated immediately m 
large numbers. 
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plants raised from the seeds remaining after the pairs 
had been planted) unless the tallest plants on each 
side seemed fairly to represent the average difference 
between those on both sides. It has, however, some 
great advantages, as sickly or accidentally injured 
plants, or the offspring of ill-ripened seeds, are thus 
eliminated. When the tallest plants alone on each side 
were measured, their average height of course exceeds 
that of all the plants on the same side taken together. 
But in the case of the much crowded plants raised 
from the remaining seeds, the average height of the 
tallest plants was less than that of the plants in pairs, 
owing to the unfavourable conditions to which they 
were subjected from being greatly crowded. For our 
purpose, however, of the comparison of the crossed and 
self-fertilised plants, their absolute height signifies 
little. 

As the plants were measured by an ordinary English 
standard divided into inches and eighths of an inch, I 
have not thought it worth while to change the frae^ 
tions into decimals. The average or mean heights 
were calculated in the ordinary rough method by 
adding up the measurements of all, and dividing the 
product by the number of plants measured ; the result 
being here given in inches and decimals. As the 
different species grow to various heights, 1 have always 
for the sake of easy comparison given in addition the 
average height of the crossed plants of each species 
taken as 100, and have calculated the average height 
of the self-fertilised plant in relation to this standard. 
With respect to the crowded plants raised from the 
seeds remaining after the pairs had been planted, 
and of which only some of the tallest on each side 
were measured, I have not thought it worth while to 
complicate the results by giving separate averages 
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for them and for the pairs, but have added up all 
their heights, and thus obtained a single average* 

I long doubted whether it was worth while to give 
the measurements of each separate plant, but have 
decided to do so, in order that it may be seen that the 
superiority of the crossed plants over the self-fertilised, 
does not commonly depend on the presence of two or 
three extra fine plants on the one side, or of a few 
very poor plants on the other side. Although several 
observers have insisted in general terms on the off- 
spring from intercrossed varieties being superior to 
either parent-form, no precise measurements have been 
given and I have met with no observations on 
the effects of crossing and self-fertilising the indi- 
viduals of the same variety. Moreover, experiments of 
this kind require so much time — mine having been 
continued during eleven years — that they are not 
likely soon to be repeated. 

As only a moderate nimiber of crossed and self- 
fertilised plants were measured, it was of great impor- 
tance to me to learn how far the averages were trust- 
worthy. I therefore asked Mr. Gallon, who has had 
much experience in statistical researches, to examine 
some of my tables of measurements, seven in number, 
namely, those of Ipomtea, Digitalis, Eeseda lutea, 
Viola, Limnanthes, Petunia, and Zea. I may premise 
that if we took by chance a dozen or score of men 
belonging to two nations and measured them, it would 
I presume be very rash to form any judgment from 
such small numbers on their average heights. But 
the case is somewhat different with my crossed and 
self-fertilised plants, as they were of exactly the same 

♦ A sTtmmary of these state- and Plants under Pomestication.* 
ments. with roferejices. may be chap, xvii., 2nd edit., 1875 , toL 
found in my * Variation of Animals ii. p. 108 . 
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age, were subjected from first to last to the same 
conditions, and were descended from the same parents. 
When only from two to six pairs of plants were 
measured, the results are manifestly of little or no 
value, except in so far as they confirm |ind are con- 
firmed by experiments made on a larger scale with 
other species. I will now give the report on the seven 
tables of measurements, which Mr. Galton has had the 
great kindness to draw up for me. 

I have examined tlie mcasurementB of the plants with care, 
and by many statistical methods, to find out how far the means 
of tlie several sets represent constant realities, such as would 
come out the same so long as the general conditions of growth 
remained unaltered. The principal methods that were adopted 
arc easily explained by selecting one of the shorter series 
of plants, say of Zea mays, for an example.” 


Zea mays (tfoung plants). 


‘ As recorded bj Mr. Darwin. 

ABBAKGE2> in 02U>BR of MAGNITtiOS. 

In Separate Pots. 

1 

1 In a Single Series, 

Column 1 . 

11. 

111. 

1 IV. 

i _ 


; 

VII. 

VlIJ. 


Crotrfi>'d. 

Self-fen. 

Crossed. 

Self-fert. 

, Crossed. 

S<'if-feit. 

DifFereuoe 


Inrbce. 

Inches. 

i inches. 

Inches. 

; Inches. 

Inches. 

Inches. 



Ill 

23j 

20^ 

1 

203 

-6} 

Pot 1. 

12 

20^ 

i 21 

20 

' 23 3 

20 



21 

20 

1 12 

17 3 

23 

20 







i 22 i 
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22 

20 

1 22 

20 
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Pot 11. 
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18 
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23 1 

18 { 

: 21 ^ 

18 

-3 


20J 
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18 

i 21 
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Pot HI. 
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18 
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i m 
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!, 12 
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21 

18 

23 

18 
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Pot IV. 

22 J 

12| 

22 J 

18 

' 




23 


21 

m 

j 
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12 

18 

12 

12| 
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“ The observations as I received them are shown in colnmns 11. 
and lU., where they certainly have no pHmd facie appearance of 
regularity. But as soon as we arrange them in the order of 
their magnitudes, as in columns IV. and V., the case is materially 
altered. We now see, with few exceptions, that the largest 
plant on the crossed side in each pot exceeds the largest plant 
on the self-fertilised side, that the second exceeds the second, 
the third the third, and so on. Out of the fifteen cases in the 
table, there are only two exceptions to this rule. We may 
therefore confidently aflGlrm that a crossed series will always 
be found to exceed a self-fertilised series, within the range of 
the conditions under which the present experiment has been 
made.’ 


Pot. 

Crossed. 

Self-fcrt. 

Difference. 

I. 

185 

198 

+ 0i 

II. 

20 J 

19 

-11 

III. 

2l| 

168 

-4| 

IV. 

19} 

16 

-3J 


Next as regards the numerical estimate of this excess. The 
mean values of the several groups are so discordant, as is shown 
in the table just given, that a fairly precise numerical estimate 
seems impossible. But the consideration arises, whether the 
difference between pot and pot may not be of much the same 
order of importance as that of the other conditions upon which 
the growth of the plants has been modified. If so, and only 
on that condition, it would follow that when all the measure- 
ments, either of the crossed or the self-fertilised plants, were 
combined into a single series, that series would be statistically 
regular. The experiment is tried in cohunns VII. and VIII., 
where the regularity is abundantly clear, and justifies us in 
considering its mean as perfectly rehable. I have protracted 
these measurements, and revised them in the usual way, by 
drawing a curve through them with a free hand, but the re- 
vision barely modifies the means derived from the original 
observations. In the present, and in nearly all the other cases, 
the difference between the original and revised means is under 
2 per cent of their value. It is a very remarkable coinoidenoe 

0 
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that in the seven kinds of plants, whose measurements I have 
examined, the ratio between the heights of the crossed and of 
the self-fertilised ranges in five cases within very narrow limits. 
In Zea mays it is as 100 to 84, and in the others it ranges 
between 100 to 76 and 100 to 86.** 

** The determination of the variability (measured by what is 
technically called the ^ probable error ’) is a problem of more 
delicacy than that of determining the means, and I doubt, after 
making many ti'ials, whether it is possible to derive useful 
conclusions from these few observations. We ought to have 
measurements of at least fifty plants in each case, in order to 
be in a position to deduce fair results. One fact, however, 
bearing on variability, is very evident in most cases, though not 
in Zea mays, viz., that the self-fertilised plants include the 
larger number of exceptionally small specimens, while tlae 
crossed are more generally full grown.** 

Those groups of cases in which measurements have been 
made of a few of the tallest plants that grew in rows, each of 
which contained a multitude of plants, show very clearly that 
the crossed plants exceed the self-fertilised in height, but they 
do not tell by inference anything about their respective moan 
values. If it should happen that a series is known to follow 
the law of error or any other law, and if the numl)er of indi- 
viduals in the series is known, it would be always possible to 
reconstruct the whole series when a fragment of it has been 
given. But I find no such method to be applicable in the 
present case. The doubt as to the number of plants in each row 
is of minor importance ; the real difficulty lies in our ignorance 
of the I precise law followed by the series. The exjxjrience of 
the plants in pots docs not help us to determine that law, 
becausls the observations of such plants are too few to enable 
us to lay down more tlian the middle terms of the series to 
which they belong with any sort of accuracy, whereas the cases 
we are, now considering refer to one of its extremities. There 
are other special difficulties which need not be gone into, as the 
one already mentioned is a complete bar.** 

Mr, Galton sent me at the same time graphical 
representations which he had made of the measure- 
ments, and they evidently form fairly regular curves. 
He appends the words very good ” to those of Zea and 
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Limnanthes. He also calculated the average height 
of the crossed and self-fertilised plants in the seven 
tables by a more correct method than that followed 
by me, namely, by including the heights, as estimated 
in accordance with statistical rules, of a few plants 
which died before they were measured ; whereas I 
merely added up the heights of the survivors, and 
divided the sum by their number. The difference in 
our results is in one way highly satisfactory, for 
the average heights of the self-fertilised plants, as 
deduced by Mr. Galton, is loss than mine in all the 
cases excepting one, in which our averages are 
the same ; and this shows that I have by no means 
exaggerated the superiority of the crossed over the 
S(3lf-fertilised plants. 

After the heights of the crossed and self-fertilised 
plants had been taken, they were sometimes cut down 
close to the ground, and an equal number of both 
weighed. ^This method of comjuirison gives very 
striking results, and I wish that it had been oftener 
followed. Finally a record was often kept of any 
marked difference in the rat(3 of gennination of the 
crossed and self-fertilised seeds, — of the relative periods 
of flowering of the plants raised from them, — and f>f 
their productiveness, that is, of the number of seed- 
capsules which they produced and of the average 
number of seeds which each capsule contained. 

When I began my experiments I did not intend to 
raise crossed and self-fertilised plants for more than a 
single generation; but as soon as the pljtnts of the 
first generation were in flower I thought that I would 
raise one more generation, and acted in the following 
manner. Several flowers on one or mo ;^ of the self- 
fertilised plants were again self-fertilised ; and several 

c 2 
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flowers OR one or more of the crossed plants were ferti- 
lised with pollen from another crossed plant of the 
same lot. Having thus once begun, the same method 
was followed for as many as ten successive generations 
with some of the species. The seeds and seedlings were 
always treated in exactly the same manner as already 
described. The self-fertilised plants, whether originally 
descended from one or two mother-plants, were thus in 
each generation as closely interbred as was possible ; 
and I could not have improved on my plan. But 
instead of crossing one of the crossed plants with 
another crossed plant, I ought to have crossed the self- 
fertilised plants of each generation with pollen taken 
from a non-related plant — ^that is, one belonging to a 
distinct family or stock of the same species and variety. 
This was done in several cases as an additional experi- 
ment, and gave very striking results. But the plan 
usually followed was to put into competition and 
compare intercrossed plants, which were almost always 
the offspring of more or less closely related plants, with 
the self-fertilised plants of each succeeding genera- 
tion ; — all having been grown under closely similar 
conditions. I have, however, learnt more by this method 
of proceeding, which was begun by an oversight and 
then necessarily followed, than if I had always crossed 
the self-fertilised plants of each succeeding generation 
with, pollen from a fresh stock. 

I have said that the crossed plants of the successive 
generations were almost always inter-related. When 
the flowers on an hermaphrodite plant are crossed 
with pollen taken from a distinct plant, the seedlings 
thus raised may be considered as hermaphrodite brothers 
or sisters ; those raised from the same capsule being as 
close as twins or animals of the same litter. But in 
one sense the flowers on the same plant are distinct 
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individuals, and as several flowers on the mother-plant 
were crossed by pollen taken from several flowers on 
the father-plant, such seedlings would be in one sense 
half-brothers or sisters, but more closely related than 
are the half-brothers and sisters of ordinary animals. 
The flowers on the mother-phint were, however, com- 
monly crossed by pollen taken from two or more dis- 
tinct plants ; and in these cases the seedlings might 
be called with more truth half-brothers or sisters. 
When two or three mother-plants were crossed, as often 
happened, by pollen taken from two or three father- 
plants (the seeds being all intermingled), some of th^‘ 
seedlings of the first generation would be in no way 
related, whilst many others would be whole or half- 
brothers and sisters. In the second generation a large 
number of the seedlings w'ould bo what may be called 
whole or half first-cousins, mingled with whole an<l 
half-brothers and sisters, and with some plants not at 
all related. So it would be in the succeeding genera- 
tions, but there would also be many cousins of the 
second and more remote degrees. The relationship will 
thus have become more and more inextricably complex 
in the later generations ; with most of the plants in 
some degree and many of them closely related. 

1 have only one other point to notice, but this is one 
of the highest importance; namely, that the crossed 
and self-fertilised plants were subjected in the same 
generation to as nearly similar and uniform conditions as 
was possible. In the successive generations they were 
exposed to slightly different conditions as the seasons 
varied, and they were raised at different periods. But 
in other respects all were treated alike, being grown 
in pots in the same artificially prepared soil, being 
watered at the same time, and kept close together 
in the same greenhouse or hothouse. They were 
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therefore not exposed during successive years to such 
great vicissitudes of climate as are plants growing out 
of doors. 

On some apparent and real Causes of Error in my Ex- 
periments , — It has been objected to such experiments 
as mine, that covering plants with a net, although only 
for a short time whilst in flower, may afiect their health 
and fertility. I have seen no such effect except in one 
instance with a Myosotis, and the covering may not 
then have been the real cause of injury. But even if 
the net were slightly injurious, and certainly it was not 
so in any high degree, as I could judge by the appear- 
ance of the plants and by comparing their fertility with 
that of neiglibouring uncovered plants, it would not 
have vitiated my experiments; for in all the more im- 
portant cases the flowers were crossed as well as sell- 
fertilised under a net, so that they \vere treated in this 
respect exactly alike. 

As it is im])0ssil)le to exclude such minute pollen- 
carrying insects as Thrips, flowers whitdi it was intended 
to fertilise with their own pollen may sometimes have 
been afterwards crossed with pollen brought by these 
insects from another flower on the same plant ; but as 
we shall hereafter see, a cross of this kind does not 
produce any effect, or at most only a slight one. When 
two or more plants were placed near one another 
under the same net, as was often done, there is some 
real though not great danger of the flowers which 
were believed to be self-fertilised being afterwards 
crossed with pollen brought by Thrips from a distinct 
plant. I have said that the danger is not great, 
because I have often found that plants which are 
self-sterile, unless aided by insects, remained sterile 
when several plants of the same species were placed 
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under the same net. If, however, the flowers which 
had been presumably self-fertilised by me were in any 
case afterwards crossed by Thrips with pollen brought 
from a distinct plant, crossed seedlings would have 
been included amongst the self-fertilised ; but it should 
be especially observed that this occurrence would tend 
to diminish and not to increase any superiority in 
average height, fertility, &c., of the crossed over the 
self-feii:ilised plants. 

As the flowers which were crossed were never cas- 
trated, it is probable or even almost certain that I 
sometimes failed to cross-fertilise them effectually, and 
that they were afterwards spontaneously self-fertilised. 
This would have been most likely to occur withdicho- 
gamous si)ecies, for without much care it is not easy to 
perceive whether their stigmas are ready to be fer- 
tilised when the anthers open. But in all cases, 
as the flowers were protected from wind, rain, and the 
access of insects, any pollen placed by mo on the 
stigmatic surface whilst it w^as immature, would gener- 
ally have remained there until the stigma was mature ; 
and the flowers would then have been crossed as w^as 
int( tided. Novertlieless, it is highly probable that 
sell -fertilised seedlings have sometimes by this means 
got included amongst the crossed seedlings. The effect 
would be, as in the former case, not to exaggerate 
but to diminish any average superiority of the crossed 
over the self-fertilised plants. 

Errors arising from the two causes just named, and 
from others, — such as some of the seeds not having 
been thoroughly ripened, though care^was taken to 
avoid this error — the sickness or unperceived injury of 
any of the plants, — will have been to a large extent 
eliminated, in those cases in which many crossed and 
self-fertilised plants were measured and an average 
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struck. Some of these causes of error will also have 
been eliminated by the seeds having been allowed to 
germinate on bare damp sand, and being planted in 
pairs; for it is not likely that ill-matured and well- 
matured, or diseased and healthy seeds, would germi- 
nate at exactly the same time. The same result will 
have been gained in the several cases in which only a 
few of the tallest, finest, and healthiest plants on each 
side of the pots were measured. 

Kolreuter and Gartner* have proved that with some 
plants several, even as many as from fifty to sixty, 
pollen-grains are necessary for the fertilisation of all 
the ovules in the ovarium. Naudin also found in 
the case of Mirabilis that if only one or two of its 
very large pollen-grains were placed on the stigma, 
the plants raised from such seeds were dwarfed. 
I was therefore careful to give an amply sufBcient 
supply of pollen, and generally covered the stigma 
with it ; but I did not take any special pains to place 
exactly the same amount on the stigmas of the self- 
fertilised and crossed flowers. After having acted in 
this manner during two seasons, I remembered that 
Gartner thought, though without any direct evidence, 
that an excess of pollen was perhaps injurious ; and it 
has been proved by Spallanzani, Quatrefages, and 
Newport,t that with various animals an excess of the 
seminal fluid entirely prevents fertilisation. It was 
therefore necessary to ascertain whether the fertility of 
the flowers was afiected by applying a rather small and 
an extremely large quantity of pollen to the stigma. 
Accordingly a very small mass of pollen-grains was 

der Befruch- tom. i. p. 27. 

tupg/ 1844, p. 345. Naudin, f * iWisactiona Pkiloeophical 
‘ Noovelles Archives du Museum/ Soc.* 1853, pp. 253-258. 
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placed on one side of the large stigma in sixty-four 
flowers of Jpomcea purpu/rea, and a great mass of pollen 
over the whole surface of the stigma in sixty-four other 
flowers. In order to vary the experiment, half the 
flowers of both lots were on plants produced from self- 
fertilised seeds, and the other half on plants from 
crossed seeds. The sixty-four flowers with an excess 
of pollen yielded sixty-one capsules; and excluding 
four capsules, each of which contained only a single 
poor seed, the remainder contained on an average 5 * 07 
seeds per capsule. The sixty-four flowers with only a 
little pollen placed on one side of the stigma yielded 
sixty-three capsules, and excluding one from the same 
cause as before, the remainder contained on an average 
5*129 seeds. So that the flowers fertilised with little 
pollen yielded rather more capsules and seeds than did 
those fertilised with an excess ; but the difierence is 
too slight to be of any significance. On the other 
hand, the seeds produced by the flowers with an excess 
of pollen were a little heavier of the two ; for 170 of 
them weighed 79*67 grains, whilst 170 seeds from the 
flowers with very little pollen weighed 79*20 grains. 
Both lots of seeds having been placed on damp sand 
presented no difference in their rate of germination. 
We may therefore conclude that my experiments were 
not affected by any slight difference in the amount of 
pollen used ; a sufficiency having been employed in 
all cases. 

The order in which our subject will be treated in 
the present volume is as follows. A long series of ex- 
periments will first be given in Chapters II. to VI. 
Tables will afterwards be appended, showing in a con- 
densed form the relative heights, weights, and fertility 
of the offspring of the various crossed and self-fertilised 
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species. Another table exhibits the striking results 
from fertilising plants, which during several generations 
had either been self-fertilised or had been crossed 
with plants kept all the time under closely similar 
conditions, with pollen taken from plants of a distinct 
stock and which had been exposed to diflFerent con- 
ditions. In the concluding chapters various related 
points and questions of general interest will be 
discussed. 

Anyone not specially interested in the subject need 
not attempt to read all the details; though they 
possess, I think, some value, and cannot be all sum- 
marised. But 1 would suggest to the reader to take 
as an example the experiments on Ipomooa in Chapter 
IL ; to which may be added those on Digitalis, Origa- 
num, Viola, or the common cabbage, as in all these 
cases the crossed plants are superior to the self- 
fertilised in a marked degree, but not in quite the 
same manner. As instances of self-fertilised plants 
being equal or superior to the crossed, the experiments 
on Bartonia, Canna, and the common pea ought to be 
read; but in the last case, and probably in that of 
Canna, the want of any superiority in the crossed 
plants can be explained. 

Species were selected for experiment belonging to 
widely distinct families, inhabiting various countries. 
In some few cases several genera belonging to the 
same family were tried, and these are grouped toge- 
ther ; but the families themselves have been arranged 
not in any natural order, but in that which was the 
most convenient for my purpose. The experiments 
have been fully given, as the results appear to me of 
suflScient value to justify the details. Plants bearing 
hermaphrodite flowers can be interbred more closely 
than is possible with the higher animals, and are there- 
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fore well-fitted to throw light on the nature and extent 
of the good effects of crossing, and on the evil effects 
of close interbreeding or self-fertilisation. The most 
important conclusion at which I have arrived is that 
the mere act of crossing by itself does no good. The 
good depends on the individuals which are crossed 
differing slightly in constitution, owing to their pro- 
genitors having been subjected during several genera- 
tions to slightly different cx)ndition8, or to what we 
(‘all in our ignorance spontaneous variation. This 
conclusion, as we shall hereafter see, is closely con- 
nected witli various important physiological problems, 
such as the benefit derived from slight changes in the 
conditions of life, and this stands in the closest con- 
nection with life itseK. It throws light on the origin of 
the two sexes and on their separation or union in the 
same individual, and lastly on the wliole subject of 
hybridism, which is one of the greatest obstacles to the 
general acceptance and progress of the great principle 
of evolution. 

In or<ler to avoid misapprehension, I beg leave to 
repeat that throughout this volume a crossed plant, 
seedling, or seed, means one of crossed parentage^ that 
is, one derived from a flower fertilised with pollen 
from a distinct plant of the same species. And that 
a self-fertilised plant, seedling, or seed, means one 
of self-fertilised parentage^ that is, one derived from 
a flower fertilised with pollen from the same flower, 
or sometimes, when thus stated, from another flower 
on the same plant. 
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CHAPTEE II. 

CONVOLVtJLACE^ 

Ipomoea purpurea, comparison of the height and fertility of the 
crossed and self-fertilised plants duriiig ten succossive generations 
— Greater constitutional vigour of the crossed plants— The effects 
on the offspring of crossing different flowers on the same plant, 
inshiad of crossing distinct individuals — The effects of a cross with 
a fresh stock — The descendants of the self-fertilisw^d plant named 
Hero — Summary on the growth, vigour, and fertility of the suc- 
cessive crossed and self-fertilised generations — Small amount of 
pollen in the anthers of the self-fertilised plants of the later genera- 
tions, and the sterility of their first-produced flowers — Uniform 
colour of the flowers produced by the self-fertilised plants — The 
advantage from a cross between two distinct plants depends on their 
differing in coustitution. 


A PLANT of Iponioea piirpurea, or as it is often called in 
England the convolvulus major, a native of South 
America, grew in my greenhouse. Ten flowers on this 
plant were fertilised with pollen from the same flower ; 
and ten other flowers on the same plant were crossed 
with pollen from a distinct plant. The fertilisation of 
the flowers with their own pollen was superfluous, as 
this convolvulus is highly self-fertile ; but I acted in 
this manner to make the experiments correspond in all 
respects. Whilst the flowers are young the stigma 
projects beyond the anthers ; and it might have been 
thought that it could not be fertilised without the aid 
of humble-bees, which often visit the flowers ; but as 
the flower grows older the stamens increase in length, 
and their anthers brush against the stigma, which thus 
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receives some pollen. The number of seeds produced 
by the crossed and self-fertilised flowers diflered very 
little. 

Crossed and self-fertilised seeds obtained in the above 
manner were allowed to germinate on damp sand, and as often 
as pairs germinated at the same time they were planted in the 
manner described in the Introduction, on the opposite sides of 
two pots. Five pairs were thus planted ; and all the remaining 
seeds, whether or not in a state of germination, were planted on 
the opposite sides of a third pot, so that the young plants on 
both sides were here greatly crowded and exposed to very 
severe competition. Rods of iron or wood of equal diameter 
were given to all the plants to twine up; and as soon as one of 
each pair reached the summit both were measured. A single 
rod was placed on each side of the crowd^ pot. No. III., and 
only the tallest plant on each side was measured. 


Table I. {First Generation.) 


No. of Pot, 

Seedlings from 
Crossed Plants. 

fleedllngs from 
Self-fertilised Plants. 


Inches. ! 

Inches. 

1 . 

8^1 i 

69 



66 


89 ! 

73 

II. 

88 

68| 


87 

60 j 

III. 

77 

57 

Plants crowded ; the 



tallest one mea- 



sured on each side. 



Total in inches. 

516 

394 


The average height of the six crossed plants is here 86 inches, 
whilst that of the six self-fertilised plants is only 65 '66 inches, 
so that the crossed plants are to the self-fertilis^ in height as 
100 to 76. It should be observed that this differeace is not due 
to a few of the crossed plants being extremely tall, or to a few of 
the self-fertilised being extremely short, but to all the crossed 
plants attaining a greater height than their antagonists. The 
three pairs in Pot I. were measured at two earlier periods, and 
the dilferenoe was sometimes greater and sometimes less than that 
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at the final measnring. But it is an interesting fact, of which I 
have seen several other instances, that one of the self-fertilised 
plants, when nearly a foot in height, was half an inch taller* 
than the crossed plant; and again, when two feet high, it was 
1| inch taller, but during the ten subsequent days the crossed 
plant began to gain on its antagonist, and ever afterward asserted 
its supremacy, until it exceeded its self-fertilised opponent by 
16 inches. 

The five crossed plants in Pots I. and 11. were covered with a 
net, and produced 121 cai>sules; the five self-fertilised plants 
produced eighty-four capsules, so that the numbers of capsules 
were as 100 to 69. Of the 121 capsules on the crossed plants 
sixty-five were the product of flowers crossed with pollen from a 
distinct plant, and these contained on an average 5 * 23 seeds per 
capsule; the remaining fifty-six CApsules wore spontaneously 
self-fertilised. Of the eighty-four capsules on the self-fertilisai 
plants, all the product of renewed self-fertilisation, fifty-five 
(which were alone examined) contained on an average 4*85 
seeds per capsule. Iherefore the cross-fertilised caj^sules, com- 
pared with the self-fertilised capsules, yielded seeds in the 
proportion of 100 to 93, The crossed seeds were relatively 
heavier than the self-fertilised seeds. Combining tlio above 
data (i,e., number of capsules and average numl)er of contained 
seeds), the crossed plants, compared with the self-fertilised, 
yielded seeds in the ratio of 100 to 64. 

These crossed plants produced, as already stated, fifty-six 
spontaneously self-fertilised capsules, and the self-fertilised 
plants produced twenty-nine such capsules. The former con- 
tained on an average, in comparison with the latter, seeds 
in the proportion of 1(X) to 99. 

In Pot 111., on the opposite sides of which a large number of 
crossed and self-fertilised seeds had been sown and tlie seed- 
lings allowed to struggle . together, the crossed plants had at 
first no great advantage. At one time the tallest crossed wfis 
25J inches high, and the tallest self-fertilised plants 21 1. But 
the difierence afterwards became much greater. The plants on 
both sides, from being so crowded, were poor siiecimcns. Tlie 
flowers were allowed to fertilise themselves s]x>ntaneously under 
a net; the crossed plants produced thirty-seven capsules, the 
self-fertilised plants only eighteen, or as 100 to 47, The former 
contained on an average 3*62 seeds per capsule; and the latter 
8*38 seeds, or as 100 to 98. (combining these data (i.e., number 
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of capsules and average numl>er of seeds), the crowded crossed 
plants produced seeds compared with the self-fertilised as 100 
to 45. These latter seeds, however, were decidedly heavier, a 
hundred weighing 41 * 64 grains, than those from the capsules 
on the crossed plants, of which a hundred weighed 36*79 gnxins ; 
and this probably was duo to the fewer capsules borne by the 
self-fertilised plants having been better nourished. We thus see 
that the crossed plants in this the first generation, when grown 
under favourable conditions, and when grown under unfavour- 
able conditions from l)eing much crowded, greatly exceeded in 
height, and in the numl)er of ciipsules produced, and slightly 
in the number of seeds per capsule, the self-fertilised plants. 

CroHsed and self-ferilliHt'd PlAwts of the, Second Generation , — 
Flowers on the crossed plants of the last generation (Table I.) 
were crossed by pollen from distinct plants of the same genera- 
tion ; and flow^ers on the self-fertilised plants were fertilised by 
pollen from the same flower. The seeds thus produced were 
treated in every respect as before, and we have in Table 11. 
the result. 

Table II. (Second Generation.) 


No. of Tot. 

Crosspd Plants. 

Self-fertilised Plants, 


Inches. 

I Inches. 

I. 

87 

i <17^ 


83 

1 88 1 


83 

' 80S 

II. 

83 J 

! 


89 

1 79 


772 

1 41 

Totjd inchos. 

1 505 

! 398 


Here again every single crossed plant is taller tlian its anta- 
gonist. The self-fertilised plant in Pot L, which ultimately 
reached the unusual height of 80J inches, was for a long time 
taller than the opposed crossed plant, though at Mst beaten by 
it. The average height of the six crossed is 84 * 16 inches, 
whilst that of the six self-fertilised plants is 66*33 inches, or 
as 100 to 70. 

Crossed and selffertilued Plants of the Third Generation. — Seeds 
from the crossed plants of the last generation (Table II.) again 
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crossed, and from the self-fertilised plants again self-fertilised, 
were treated in all respects exactly as before, with the following 
result ; — 


Table m. {Third Generation,) 


No. of Pot, 

CroBBed Plants. 

Self’fertilised Plants. 

I. 

Inches. 

74 

72 

731 

Inches. 

56 H 

51 

54 

II. 

1 82 

59 


81 

30 


1 82 

66 

Total inches. 

464-5 

317*0 


Again all the crossed plants are higher than their antagonists : 
their average height is 77*41 inches, whereas that of the self- 
fertilised is 52 * 83 inches, or as 100 to 68. 

I attended closely to the fertility of the plants of this third 
generation. Thirty flowers on the crossed plants were crossed 
with pollen from other crossed plants of the same generation, 
and the twenty-six capsules thus produced contained, on an 
average, 4*73 seeds; whilst thirty flowers on the self-fertilised 
plants, fertilised with the pollen from the same flower, produced 
twenty-three capsules, each containing 4*43 seeds. Thus the 
average number of seeds in the crossed capsules was to that in 
the self-fertilised capsules as 100 to 94. A hundred of the 
crossed seeds weighed 43*27 grains, whilst a hundred of the self- 
fertilised seeds weighed only 37 * 63 grains . Many of these lighter 
self-fertilised seeds placed on damp sand germinated before the 
crossed ; thus thirty-six of the foi*mcr germinated whilst only 
thirteen of the latter or crossed seeds germinated. In Pot I. 
the tliree crossed plants produced spontaneously under the net 
(besides the twenty-six artificially cross-fertilised capsules) 
seventy-seven self-fertilised capsules containing on an average 
4*41 seeds; whilst the three self-fertilised plants prodneod 
spontaneously (besides the twenty-three artificially self-fertilised 
capsules) only twenty-nine self-fertilised capsules, containing on 
an average 4*14 seeds. Therefore the average number of seeds 
in the two lots of ^ntaneously self-fertilM capsules was as 
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100 to 94. Taking into consideration the number of capsules 
together with the average nninl>er of seeds, the crossed plants 
(spontaneously self-fertilised) produced seeds in comparison with 
the self-fertilised plants (spontaneously self-fertilisctl) in the 
proportion of 100 to 35. By whatever method the fertility of 
these plants is compared, the crossed are more fertile than the 
self-fertilise<l plants. 

I tried in several ways the comparative vigour and powers of 
growth of the crossed and self-fertilised plants of this third 
generation. Thus, four self-fertilised seeds which had just 
germinated were planted on one side of a pot, and after an in- 
terval of forty-eight hours, four crossed seeds in the same stahi 
of germination were planted on the opposite side ; and the pot 
was kept in the hothouse. 1 thought that the advantage thus 
given to the self-fertilised seedlings would have l)een so great 
that tlioy would never have been beaten by the crossed ones. 
They wore not l>eaten until all had grown to a height of 18 
inches; and the degree to which they were finally l>eaten is 
shown in the following table (No. IV.), We here see that the 
average height of tlie four crossed plants is 70 *02, and of the 
four self-fertilised plants 65*87 inches, or as 100 to 80; there- 
fore less than when both sides started fair. 

Table IV. (Third Grnemlwn^thc sflf-frYtllised Phtnfs huciny 
hud (I siart of forty^ebjhi honm.) 


No, of I’ot. Crostscd Plants. 

Solf-fcTtilibed Plants. 

i 

Jneht^b. 

j Inches, 

III. 78 ^ 

1 


' 53 

t 73 


‘ 77 ^ 

1 75| 

Total inches. ! .300*5 

: 263*5 


Crossed and solf-fei-tilised seeds of the third generation were 
also sown out of doors late in the summer, and therofoi'o iinder 
unfavourable conditions, and a single stick was given to each 
lot of plants to twine up. Tlie two lots were sufficiently 
separate so as not to interfere with each other's growth, and the 
ground was clear of weeds. As soon as tliey were killed by the 
first frost (and there was no difference in their hardiness), the 
two tallest crossed plants wore foimd to bo 24 * 5 and 22 * 5 inches, 

D 
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whilst the two tallest self-fertilised plants were only 15 and 
12*5 inches in height, or as 100 to 59. 

I likewise sowed at tlie same time two lots of the same seeds 
in a part of the garden which was shady and covered w'ith 
weeds. The crossed seedlings from tho first looked the most 
healthy, hut they twined up a stick only to a height of 7i inches ; 
whilst the self-fertilised were not able to twine at all ; and the 
tallest of them w^as only 31 inches in height. 

Lastly, two lots of the same seeds were sown in the midst of 
a bed of candy-tuft (Il>cris) growing vigorously. The seedlings 
came up, but all the self-fertilised ones soon died excepting one, 
which never twined and grew to a heiglit of only 4 inches. 
Many of the crossed seedlings, on the other hand, survived; 
and some twined up the stems of the Il)eri8 to the height of 
11 inches. These cases prove that the crossed seedlings 
have an immense advantage over the self-fertilised, l)oth when 
growing isolated under very unfavourable conditions, and when 
put into competition with each other or with other plants, as 
would happen in a state of nature. 

Crossed (wd ‘‘ft rt 11 imd Plants of the Fourth (ienerathn, — Seed- 
lings raised as before from the crossed and self-fertilised plants 
of the third generation in Table 111., gave results as follows : — 


Table V. {Fourth Generation.) 


Ko. of Pot 

Orosocd Plants. 

Solf.fiTtilist'd I’lunts. 

I. 

Inclx's. 

84 

47 

Indus. 

80 

44 i 

II. 

83 

59 

73 J 

51i 

III. 

, 82 

56 4 


' 05^ 

1 63 


I 68 

52 

Total inches. ! 

! 488-5 

421-0 


Hero the average height of the seven crossed plants is 69*78 
inches, and that of the seven self-fertilised plants 60*14 ; or as 
100 to 86. This smaller difference relatively to that in the 
former generations, may be attributed to the plants having been 
raised during tho depth of winter, and consequently to their not 
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having grown vigorously, as was shown by their general ap- 
pearance and from several of them never reaching the summits 
of the rods. In Pot II., one of the self-fertilised plants was for 
a long time taller by two inches than its opponent, but was 
ultimately beaten by it, so that all the crossed plants exceeded 
their opi)onents in lieight. Of twenty-eight capsules produced 
by the crossed plants fertilised by pollen from a distinct plant, 
each contained on an average 4 *76 seeds; of twenty-seven self- 
fertilised capsules on the self-fertilised plants, each contained 
on an average 4*47 seeds; so that the proportion of seeds in the 
crossed and self-fertilised capsules was as 100 to 94. 

Some of the same seeds, from which the plants in the last 
Table Y. had been rfiised, were planted, after they had germi- 
nated on damp sand, in a square tub, in which a large Brug- 
maiisia had long l)eeu growing. The soil was extremely poor 
and full of roots ; six crossed seeds were planted in one corner, 
and six self-fertilised seeds in the opposite . corner* All the 
seedlings from the latter soon died excepting one, and this grew 
to the height of only li inch. Of the crossed plants three 
survived, and they grew to the height of inches, but were not 
able to twine round a stick; nevertheless, to my surprise*, they 
produced some small miserable flow'ers. The crossed jdants 
thus had a decided advantage over the sell-fertil|scd plants 
under this extremity of hid conditions. 

Crossed and self-fertilised Flouts of the Fifth Generation, — Th^o 
were raised in the same manner as before, and when measured 
gave the following results : — 

Table VI. {Fifth Generation,') 

No. of Tot. Crossed Plante. Self-fertilised Plante. 

luchea. Incbea. 

I. 90 

80 78 

29 

84- 51 

»4 ^ 

70 i 59 

495*25 I 374*00 

The average height of the six crossed plants is 82*54 inches, 

D 2 


II. 

Dial inches. 
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and that of the six self-fertilised plants 62*38 inches, or as 100 
to 75. Every crossed plant exceeded its antagonist in height. 
In Pot I. the middle plant on the crossed side was slightly 
injured whilst young by a blow, and was for a time beaten by 
its opponent, but ultimately recovered the usual suTXjriority. 
The crossed plants produced gi>ontaneously a vast number more 
capsules than did the self-fertilised plants ; and the capsules of 
the former contained on an average 3*37 seeds, whilst those of 
the latter contained only 3*0 ix)r capsule, or as 100 to 89. But 
looking only to the artificially fertilised capsules, those on the 
crossed plants again crossed contained on an average 4*46 
seeds, whilst those on the self-fertilised plants again self- 
fertilised contained 4*77 seeds; so that the self-fei*tilisod ciip- 
sules wore the more fertile of the two, and of this unusual fact 
I can offer no explanation. 

Crosfitd and saif-firtilised FkmU of the St:)cth Generation . — 
These were raised in the usual manner, with the following result. 
I should state that there were originally eight plants on each 
side ; but as tv’O of the self-fertilised became extremely un- 
healthy and never grew to near their full height, tlicse as well 
as their oppoiirmts have been struck out of the list. If they hod 
lK*en retained, they would have made the average height of the 
crossed plants unfairly greater than that of tbe self-fertilised. 
I have acted in the same manner in a few other instances, when 
one of a pair plainly became very unhealthy. 


Table YIL (.sVx^4 Generation,) 


No. of Pol. 

Crosw‘d Plants, 

Solf-f'TtUisf'tl Plants. 


inrlifs. 

llU’ll' 

I. 

93 



91 

II. 

79 

50 


8t.U 

1 87 


88 

02 

III. 

87 J 

. .1 

6U 

Total inches. 

52.5 i 

j 

579 


The average height of the six crossed plants is here 87 *5, and 
of tbe six self-fertilised plants 63 * 16, or as 1 00 to 72. This large 
difference was chiefly due to most of the plants, especially the 





Chap. II. CROSSED AND SELF-FERTILISED PLANTS. 37 


self-fertilised ones, Laving become unhealthy towards the close 
of thoir growth, and they were severely attacked by aphides. 
From this cause nothing can be inferred with respect to their 
relative fertility. In this generation we have the first instance 
of a self-fertilised plant in Pot II. exceeding (though only by 
half an iucii) its crossed opponent. This victory was fairly won 
after a long struggle. At first the self-fertilised plant was several 
inches taller than its opponent, but when the latter was 
feet high it had grown equal ; it then grew a little taller than 
the self-fertilised plant, but was ultimately beaten by it to the 
extent of half an inch, as shown in the table. I was so mucli 
surprised at tliis case that I saved the self-fertilised seeds of 
this plant, Which I will call the “ Hero,” and exi:)erinien^l on 
its descendants, as will hereafter be descrjl)ed. 

Besides the plants included in Table YII., nine crossed and 
nine self-fertilised jdants of the same lot were raised in two 
other pots, IV. and V. These pots had been kept in the hot- 
house, but from want of room were, whilst tlie plants were 
young, suddenly moved during very cold w^eathor into the 
coldest part of the greenhouse. They all suffered greatly, and 
never quite recovered. After a fortnight only two of the nine 
self- fei*ti Used seedlings were alive, wliilst seven of the crossed 
survived. The tallest of these latter plants when measured was 
47 inches in height, whilst tlie tallest of the two sur^^\^ng self- 
fertilised plants was only 32 inches. Here again we see how much 
more vigorous the crossed plauts are than the self-fertilised. 

Crosml and self'^fertilhvd Plauts of the Seventh Gentraticm , — 
These were raised as heretofore with the following rosnlt : — 


Table VJIl. (^Seventh (h'nerdtlor),) 


No, of Pot, 1 

; Crossed Platits, 

Sell-feJtiliseO Hants. 


Inrhes. i 


I. 

1 

'*1 

1 

i 

; 84 


70 j 

; 

II. 

j i 

1 65 


90 

i 


1 

! 

III. 

83 ~ 

i 


8(i 

1 m 

IV. 



\ 

Total inches. 

755*50 

014*25 
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Each of ttiese nihe crossed plants is higher than ifs opponent, 
though in one case only by tliree-quartcfs of an inch. Their 
ayerago height is H8*94 inches, and that of the self-fertilised 
plants 68*25, or as 100 to 81. These plants, after growing to 
their full height, became very nnhealtliy and infested with 
aphides, just w^ben the seeds were setting, so that many of the 
capsules" failed, and nothing can be said on their relative 
foirtility. 

Crossed and self-fertilised Flants of the Eighth Generation . — As 
just stated, the plants of the last generation, from which the 
present ones were raised, were very unhealthy and their seeds 
of uiiusually sniiill size; and this probably accounts, through 
abnormal ])remature growth, for the two lots behaving dif- 
ferently to what they did in any of the }>rovions or succeeding 
generations. Many of the self-fertilised seeds germinated before 
the crossed ones, and these were of course rejected. When the 
crossed seedlings in Table IX. had grown to a height of between 
1 and 2 feet, they were all, or almost all, shorter than their self- 
fertilised opponents, but were not then measured. When they 
hatl acquiretl an average height of 32*28 inches, that of tlie 
eelf-fortilised plants was 40*68, or as 100 to 122. Moreover, 
every one of the ^^lf-fertilised plants, with a single exception, 
exceeded ifs crossfjd opponent. When, however, the crossed 
plants had grown to an average height of 77*5G inches, they 
just exceeded (vi;^., by *7 of an incli) the average lieight of the 
8elf-fcrti(i.scd plants; but two of the latter were still taller than 
their crossed opponents. I was so much astonished at this whole 
ca.se, that I tied string to the summits of the rods ; the plants 
being thus allowed to continue c]imV>iug upwards. When their 
growth was complete they were untwined, stretclied straiglit, 
and measured. The cros.sed plants had now almost regained 
their accustomed superiority, a.s may l)e seen in Table IX. 

The average height of the eight crossed plants is here 113*25 
inches, and that of the self-fertilised plants 96*65, or as 100 to 
85. Nevertheless two of the self-fertilised plants, as may l»e seen 
in the table, were still higher tlian their crossed oj))>onents. 
The latter manifestly had much thicker skms and many more 
lateral branches, and looked altogether more vigorous than the 
self-fertilised plants, and generally flowered l)eft>re them. The 
earlier flowers produced by these wjlf-fertilised plants did not 
set any capsules, and their anthers contained only a small 
amount of i)olIen ; but to this subject I shall return. Nevertbe- 
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loiss capsules produced by two other self-fertilised plants of the 
same lot, not included in stable IX., which had been liighly 
favoured by l)eing grown in separate pots, contained the large 
average number of 6*1 seeds jxjr capsule. 


Table IX. {Eighth Generation,) 


No, of Pot. 

Cro 8 Bf>d Plants, 

Self-fmiliued Plants. 


Inches. 

Inches. 

I. 

lllf 

90 


V17 

r>4 . 



933 

11 . 


94 


8 WJ 

1253 

Ill, 1 

lo:!| 

i 1153 


lOMj 

84 3 



1993 

Total inchos. 

] 9fi8-2r. 

'll 


Crosml and silf-feitilkal Flauts of iltc Ninth (hneraiiuK . — 
The ])lants of this generation were miswl in the same manner 
as before, with the result shown in Table X. 

Tile fourteen crossed plants aA-'crago in lioiglit 81*39 inches 
and the fourteen self-fertilised plants (>4*07, or as 100 to 79. 
One self-fertilised ])lant in Pot III. exceeded, and one in Pot IV. 
eq^Talled in heiglit, its opjioneiit. The self-fertilised plants 
showed no sign of inheriting the pre(‘w.ious growth of their 
jmrents; this having lx3en duo, as it would apptmr, to the 
abnormal sbito of the sch'cIs from the unhcalthiriess of their 
jiaroiits. 1’he fourteen siilf-fortilised plants yielded only forty 
spontaneously self-fertilised capsules, to which must be added 
seven, the i>roduct of ten flowers artiticially self-fertilised. On 
the other hand, the fourteen crossed plants yielded 152 spon- 
taneously self-hirtilisod capsules; but thirty-six flowers on these 
plants were crossed (yielding thirty-tlireo capsules), and these 
flowers would probably have produced about thirty sponta- 
neously self-fertilised capsules. Therefore an equal number 
of the crossed and wdf-fortilised plants would have produced 
capsules in the prt>portion of alxmt 182 to 47, or as 100 to 26. 
Another phenomenon was well pronounced in this generation, 
but' I believe had occurred previously to a slight extent ; 
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namely, that most of the flowers on the selMertilised plants 
were somewhat monstrous. The monstrosity consisted in the 
corolla being irregularly split so that it did not open properly, 
with one or two of the stamens slightly foliaccous, coloured, 
and firmly coherent to the corolla. I observed this monstrosity 
in only one flow^er on the crossed plants. The self-fertilised 
plants, if well nourished, would almost certainly, in a few more 
goiieratioiiB, have produced double flowers, for they had already 
become in some degree sterile.* 

Table X. {Kinth Generation.) 


No, of Tot. I 

Cro88«i PlAMtfi. 



Jnchcfl. 

j InclK's. 

I. 1 




8r>i 

1 71 

n. i 

83 1 

' 45 

; 

84 1 



04 

! 4 

HI. i 



IV. 

V. : 

8<>^, 

: 07 

Crowded plants, i 


j 

1 7u 



“ " - - 1 

— 


Total inches. j 

1139 '5 

1 897 M) 


Crossed and self-fertilised Plants of the Tenth Generation.— -Bix 
plants were raised in the usual manner from the crossed plants 
of the last generation (Table X.) again intercrossed, and from 
the self-fertilised again self-fertilised. As one of the crossed 
plants in Pot I. in the following table became much diseased, 
having crumpled leaves, and producing hardly any capsules, it 
and its opponent have been struck out of the table. 

♦ See on this subject ‘Variation Domestication/ chap, xviii. 2nd 
of Animals and Plants under edit. vol. ii, p. 152. 
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Table XI. (Te^iih Generution.) 


No, of Pot. 

i Crossed Plants. 

. Self-fertilised Plants. 



Inches. 

I. 

1 i 

47 i 



34 

II. 

j 87 



89J 



10.5 


Total inches. 

408*5 

252*0 


Tho five crossed plants average 93*7 indies, and the five self- 
fertilised only 50*4, or as 100 to 54. This difference, however, 
is so great that it must bo looked at as in part accidental. The 
six cro.s.sed plants (the diseased one here included) yielded spon- 
taneously 101 capsules, and the six self* fertilised plants 88, 
the latter b<*ing chiefly produced by one of the plants. But as 
the diseased plant, which yielded hardly any seed, is here included, 
the ratio of 101 to 88 does not fairly give the relative fertility 
of tho two lots. The stems of tho six crossed plants looked so 
much finer than those of tho six self-fertilised plants, that after 
the capsules had been gathered ajidmost of the leaves had fallen 
off, they 'wero weighed. Those of the crossed plant.s weighed 
2,593 grains, whilst those of the self-fertilised plants ^weighetl 
only 1,173 grains, or as 1(K) to 44; but as the diseased and 
dwarfed crossed plant is here included, the superiority of the 
former in w^eight was really greater. 

The Effects on the Offspring of crossing different Flowers 
on the same Plants instead of crossing distinct Individuals. 
— In all the foregoing experiments, seedlings from 
flowers crossed by pollen from a distinct plant (though 
ill the later generations more or less clos^cly related) 
were put into competition with, and almost invariably 
proved markedly superior in height to the offspring 
from self-fertilised flowers. I wished, therefore, to 
ascertain whether a cross between two flowers on the 
same plant would give to the offspring any superiority 
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namely, tliat most of tho flowers on the self-fertilised plants 
were somewhat monstrous. The monstrosity consisted in tho 
corolla being irregularly split so that it did not open properly, 
with one or two of the stamens slightly foliaccous, coloured, 
and firmly coherent to the corolla. I obsciwed this monstrosity 
in only one flower on the crossed plants. The self-fertilised 
plants, if well nourished, would almost certainly, in a few more 
generations, have produced double flowers, for they had alrciidy 
become in some degree sterile.* 

Table X. (Nhiih Genemtion,) 


No. of Pot. 

Crofiseti Plante. 

1 Sclf-ft>rtiliht‘d Plants 

1 


InchoB, 

I lucl)c.s. 

I. 


1 



71 


88 1 


Ii. 

83 1 

45 



43 « 



V>61 

lU. 


03 


8S» 

71 


(51 

89^ 

IV. i 




Do 

70 ^ 

V. 1 

m 

07 

CroW«i«d plauts. . 



. . 1 

h 

7u 

— 1 

ToUil inches. I 

11 39 -.5 

1 897 -t) 


Crossed and self -ftrtiUsed Plants rf the Tenth Six 

plants were raised in tho usual manner from the crossed plants 
of the last generation (Table X.) again intercrossed, and from 
the self-fertilised again self-fertilised As one of the crossed 
plants in Pot I. in the following table l)ecame much diseased, 
having crumpled leaves, and producing hardly any capsules, it 
and its opponent have been struck out of tlie table. 

* See on this subject * Variation DomeHtication/ chap, xviii. 2nd 
of Anunals and Plants under edit, voh ii. p. 152. 
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Table XI. {Tenth. Qenerution,) 

No. of Pot, 1 CroBbed Plants. ] Self-fertilised Plants. 


Inohi's. 

j Indies. 

I. 

m 

47 5 


94 1 


a. 

87 

\ 5-1 1 


105' 

495 

Total inches. i 

408-5 

1 252-0 


The five crossed plants average 93*7 inches, and the five self- 
fertilised only 50*4, or as 100 to 54. This difference, however, 
is so groat that it must be looked at as in part accidental. The 
six crossed plants (tlie diseased one here included) yielded spon- 
taneously 101 capsules, and the six Bolf-fertilised plants 88, 
the latter being chiefly produced by one of the plants. But as 
the diseased i)lant, which yielded hardly any sc^d, is here included, 
the ratio of 101 to 88 does not fairly give the relative fertility 
of the two lots. The stems of the six crossed plants looked so 
much finer than those of the six self-fertilised plants, that after 
the capsules had l>een gathered and most of the leaves had fallen 
off, they were weighed. Those of the crossed plants weighed 
2,093 grains, whilst those of the s(‘lf-fertilised iflants weighed 
only 1,173 grains, or as 100 to 44; but as the diseased and 
dwarfe<i crossed ]>lant is here included, the superiority of the 
former in weight was really greater. 

The Effects on the Offspring of crossing different Flowers 
on the same Flanty instead of crossing distinct Individxials. 
— In all the foregoing experiments^ seedlings from 
flowers crossed by pollen from a distinct plant (though 
in the later generations more or less clogely related) 
were put into competition with, and almost invariably 
proved markedly superior in height to the offspring 
from self-fertilised flow^ers. I wished, therefore, to 
ascertain whether a cross between two flowers on the 
same plant would give to the offspring any, superiority 
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crossed plants are slightly inferior in height and in 
earliness of flowering to the self-fertilised. But the 
inferiority in height is so small, namely as 100 to 106, 
that I should have felt very doubtful on this head, 
had I not cut down all the plants (except those 
in the crowded 2 >ot No. X.) close to the ground and 
weighed them. The twenty -seven crossed plants 
weighed 16^ ounces, and the twenty-seven s(df-fer- 
tilised plants 20^ ounces; and this gives a ratio of 
100 to 124. 

A self-fertilised plant of the same parentage as those 
in Table XIL had been raised in a scjmrate pot for a 
distinct purjx)se ; and it proved partially sterile, the 
anthers containing very little ix)]len. Several flowers 
on this plant were crossed with the little pollen w^hicli 
could be obtained from the other flowers on the same 
2)lant ; and other flowers were self-fertilised. From the 
seeds thus produced four cross(jd and four self-fertilised 
jdants w^ere raised, which were planted in the usual 
manner on the opi)osite sides of two pots. All these 
four crossed 2 )lants were inferior in height to their 
oj)poncnt8 ; they averaged 78*18 inches, whilst the 
four self-fertilised plants averaged 84*8 inches ; or as 
100 to 108.* This case, therefore, confirms the last. 
Taking all the evidence together, we must conclude 
that these strictly self-fertilised plants grew a little 
taller, were heavier, and generally flowered before 
those derived from a cross between two flowers on the 
same plant. These latter plants thus present a won- 
derful contrast with those derived from a cross between 
two distinct individuals. 

* From one of these self-ferti- an averajje only 3*2 seeds per 
lised ptots, spontaneously self- capsule; so that this plant had 
fertilised, I pothered twonty-ftair apfwirently inhorit^Hl some of the 
capsules, and they contained on sterility of its parent. 



Chap. II, 


CROSS WITH A FRESH STOCK. 


45 


Tlie Effects on (he Offspring of a Cross with a distinct 
or fresh Stock belonging to (lie same Variety, — From the 
two foregoing series of experiments we see, firstly, the 
good effects during several successive generations of 
a cross between distinct plants, although these were 
in some degree inter-related and had been grown 
under nearly the same conditions ; and, secondly, the 
absence of all such good effects from a cross between 
flowers on the same plant ; the comparison in both 
cases being made with the offspring of flowers fertilised 
with their own pollen. The experiments now to be 
given show how powerfully and beneficially plants, 
which have been intercrossed during many successive 
generations, having been kept all the time under 
nearly uniform conditions, arc affected by a cross with 
another plant belonging to the same variety, but to a 
distinct family or stock, which had grown under dif- 
ferent conditions. 

Several flowers on the crossed plants of the ninth generation 
in Table X,, w^ero crossed with pollen from another crossed plant 
of the same lot. The seedlings thus raised formed the tenth 
intercrossed generation, and 1 will call them the “ inUrcrossed 
plmits” Several other flowers on the same crossed plants of 
the ninth generation were fertilised (not having lx}en castrated) 
with pollen taken from plants of the same vari<dy, but l)elonging 
to a distinct family, wdiich had Ixjcn grown in a distant garden 
at Colchester, and therefore under somewhat different conditions. 
The capsules produced by this cross contained, to my surprise, 
fewer and lighter seinls than did tlie capsules of the intercrossed 
plants ; but this, I think, must have been accidental. The seed- 
lings raised from them I will call the “ Colchcsitfr -crossed/* The 
two lots of seeds, after germinating on sand, were planted in 
the usual manner on the opposite sides of five ix)ts, and the 
remaining seeds, wbether or not in a state of germination, 
were thickly sown on the opposite sides of a very large pot, 
No. VI,, in Table XIII. In three of the six pots, after the 
young plants had twined a short way up their sticks, one of the 



46 


IPOMCEA PUBPITBEA. 


Chap. II. 


Colchester-crossed plants was much taller than any one of 
the intercrossed plants on the opposite side of the same pot ; 
and in the three other pots somewhat taller. I should state 
that two of the Colchester-crossed i)lants in Pot IV., when 
about two-thirds grown, became much diseased, and were, 
together with their intercrossed opponents, rejected. The 
remaining nineteen plants, when almost fully grown, were 
measured, with the following result : — 


Table XIII. 



Colchcstpr-crossed 

Intercri)S‘.tHi Plants of 


Plants. 

1 thf 1 enth (Joncrution, 


Inchoa. 

Inches. 

I. 

t$7 

78 


871 

08 1 


85 1 


II. 


GO 


85 S 

87 S 


90 j 


Ill, 

St| 

‘‘U 


yij 

81; 


85 

8‘iii 

IV. 

95f 1 

05 1 

V. 

901 

85 1 



()3 


84 

62j 

VI. 

i 

i 43 1 

Crowded plants in a 

75 , 

• 30 g 

very large pot. 

71 

1 


83 S 

80 


63 

53 


65 

48} 

Total inches. 

1590*50 1 

1 1249*75 


In sixteen out of these nineteen pairs, tlic Colchester-crossed 
plant exceeded in lieight its intercrossed opponent. The average 
height of the Colchester-crossed is 84*03 inches, and that of 
the intercrossed 65*78 inches; or as 100 to 78. With resptxst 
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to the fertility of the two lots, it was too troublesome to collect 
and count the capsules on all the plants ; so I selected two of 
Ahe best i)ots, V. and VL, and in these the Colchester-crossed 
produced 269 mature and half-mature capsules, wliilst an equal 
number of the intercrossed plants produced only 154 capsules j 
t>r as 100 to 57. By weight the capsules from the Colchester- 
crossed plants were to those from the intercrossed plants as 
100 to 51 ; so that the former probably contained a somewhat 
larger average number of seeds. 

Wo learn from this important experiment that 
plants in some degree related, which had been inter- 
6rossed during the nine previous generations, when they 
^’cre fertilised with pollen from a fresh stock, yielded 
seedlings as superior to the seedlings of the tenth 
intercrossed generation, as these latter were to the self- 
fertilis(Kl plants of the com^sponding generation. For 
it* we look to the plants of the ninth generation in 
Table X. (and those offer in most respects the fairest 
standard of comjiarison) we find that the intercrossed 
plants were in heiglit to the self-fertilised as 100 to 79, 
and in fertility as 100 to 26 ; whilst the Colchester- 
crossed plants are in height to the intercrossed as 100 
to 78, and in fertility as 100 to 51. 


The Descendants of the selffirfilised Tlant^ named IJero^ ivlikh 
appeared in the Sixth self-fertilmd Gencratmi, — In the fivegeiiera- 
tious before the sixth, the crossed plant of each i>air was taller 
than its self-fertilised opponent; but in the sixth generation 
(Table YU., Pot II.) the Hero apix^red, which after a long and 
dubious struggle conquered its crossed opj)onent, though by 
only half on inch. I was so much surpris^ at, this fact, that 
I resolved to ascertain whether this plant would transmit 
its powers of growth to its seedlings. Several flowers on 
Hero were therefore fertilised with their own pollen, and the 
seedlings thus raised were put into competition with self-fer- 
tilised and intercrossed plants of the eorrespondiug generation. 
The three lots of seedlings thus all belong to the seventh genera- 
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tion. Their relative heights are shown in the two following 
tables : — 

Table XIV. 


No. of Pot. 

Self-fertiliafKl PJants 
of the S vi xitli (h'lii- 
ratiun, niildrou of 
Hero. 

i Self-fertilfsttl I’lantH 
j of the .VvHith Ueiie- 
i ration. 

1 


Inches. 

lmhe<». 

I. 

74 



6u 

(U 


55 i 

49 

II. 

92 

82 


91 § 




;;8 

Tohil inches. 

447 •25 1 

375 


The average height of the six self-fertilised cliildreii of Hero 
is 74*54 inches, whilst tliat of the ordinary self-fertilised plants 
of the corrasponding generation is only 02 * 58 inches, or as 100 
to 84. 


Table XV 


No. of Pot. 

*S<‘lf-fTtllii.ed Plants 
ol the -Nnenth Oeu< - 
ratioTi, ('liiUlren of 
Hero. 

1 

fiitrrcn»se(i Plants of 
the Seet'jith Gene- 
ration. 

III. 

j llicho.s. 

1 92 

Inchen. 

IV. 

i ^7 

89 


1 

80 1 

Total inches. 

1 26C-75 

252*50 


Here the average height of the three self-fertilistxi cliildron of 
Hero is 88*91 inches, whilst that of the intercrossed plants is 
84*16; or as 100 to 95. We thus see that the self-fertilised 
children of Hero certainly inherit the powers of growth of their 
parents; for they greatly exceed in height the self-fertilised 
offspring of the other self-fertilised jdants, and even exceed 
by a trifle the intercrossed plants,— all of the corresponding 
generatioiL 
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Several flowers on the self-fertilised ojiildren of Hero in Table 
XIV* were fertilised with pollen from the same flower ; and from 
the seeds thus produced, self-fertilised plants of the eightji 
generation (grand-children of Hero) were raised. Several other 
flowers on the same plants w^ere crbssed with pollen from the other 
children of Hero. The sifeedlings raised from this cross may be 
considered as the ofispring of the union of brothers and sisters. 
The result of the competition between these two sets of seedlings 
(namely self-fertilised and the offspring of brothers and sisters) 
is given in the following table : — 

Table XVI. 



’ Sell'-fTtlUsed Orand- ■ Grandchlldrtij from a| 


1 children of Hero, 

cross b<.*tween the self- 

No. of Pot. 

ifrom the Self- fert* lifted 

fertilised Children of 


Children. Eighth j Hero. Eighth Gent- I 


^ Generation. 

ration. 


i hea. 

Indies, 

I. 


Oo'i 


! 


11. 

1 9G 

8a 


j 77j 

93 

III. 

1 73 

80 * 


j 00 

b'Ji 


, 8+J 

70i 

IV. 

; 88j 

GOi 


1 84 

15 J 


! 8'= 3 

! 38 


i 

, 762 

V. 

1 eoi 

82 § 


j 

833 

Total inches. 

1 1037-00 

973- 13 


The average height of the tlurtoon self-fertilis<‘d grandchildren 
of Hero is 79 • 76 inches, and that of the grandchildren from a 
cross between the self-fertilised children is 74 * 85 ; or as 100 to 94. 
But in Pot IV. one of the crossed plants grew only to a height of 
inches ; and if tliis plant and its opponent are struck out, as 
would be the fairest plan, the average height of the ci* 08 ^ 
plants exceeds, but only by a fraction of an inch, that of the self- 
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f^iiised plants. It is therefore clear that a cross between the 
self-fertilised children of Hero did not produce any beneficial effect 
worth notice ; and it is very doubtful whether tliis negative result 
can be attributed merely to the fact of brothers and sisters having 
been united, for the ordinary intercrossed plants of the several 
successive generations must often have been derived from the 
union of brothers and sisters (as shown in Chap. I.), and yet all 
of them were greatly superior to the self-fertilised plants. We 
are therefore driven to the suspicion, which we shall soon see 
strengthened, that Hero transmitted to its offspring a peculiar 
constitution adapted for self-fertilisation. 

It would appear that the self-fertilised descendants of Hero 
have not only inherited from Hero a power of growth equal to 
that of the ordinary intercrossed plants, but have become more 
fertile when self-fertilised than is usual with the plants of the 
present species. The flowers on the self-fertilised grandchildren 
of Hero in Table XVI. (the eighth generation of self-fertilised 
plants) were fertilised with their own pollen and produced plenty 
of capsules, ten of which (though this is too few a number for a 
safe average) contained 5*2 seeds par capsule,— a higher average 
than was observed in any other case w ith the self-fertilised plants. 
The anthers produced by these self-fertilised grandchildren were 
also as well devc)o|.)ed and contained as much pollen as tlioso on 
the intercrossed plants of the corresponding generation ; whereas 
this was not the case with the ordinary self-fertilised plants of 
the later generations. Nevertheless some few of the flowers 
produced by the grandchildren of Hero were slightly monstrous, 
like those of the ordinary self-fertilised plants of the later genei*a- 
tions. In order not to recur to the subject of fertility, I may add 
that twenty-one self-fertilised capsules, spontaneously produced 
by the great-grondcliildren of Hero (forming the ninth generation 
of self-fertilised plants), contained on an average 4*47 seeds ; and 
this is as high an average as the self-fertilised flowers of any 
generation usually yielded. 

Several flowers on the self-fertilised grandchildren of Hero in 
Table XVI. were fertilised with pollen from the same flower ; and 
the seedlings raised from them (great-grandchildren of Hero) 
formed the ninth self-fertilised generation. Several other flowers 
were crossed with pollen from another grandchild, so that they 
may be considered os the offspring of brothers and sisters, and the 
seedlings thus raised may be called the intercronaed great-grand- 
cbildren* And lastly, other flow^ers were fertilised with pollen 
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from a distinct stock, and tho seedlings thus raised may be 
called the Cohhester^roBaed great-grandchildren. In my anxiety 
to see what the result would be, 1 unfortunately planted the 
three lots of seeds (after they had germinated on sand) in the 
hothouse in the middle of winter, and in consequence of this the 
seedlings (twenty in number of each kind) became very unhealthy, 
some growing only a few inches in height, and very few to their 
proper height The result, therefore, cannot be fully trusted ; 
and it would be useless to give the measurements in detail In 
order to strike as fair an average as possible, I first excluded all 
the plants under 50 inches in height, thus rejecting all the most 
unhealthy plants. The six self-fertilised thus left were on an 
average 66 ’86 inches high; the eight intercrossed plants 63*2 
high; and the seven Colchester-crossed 65*37 high; so that 
there was not much difference between the three sets, the self- 
fertilised plants having a slight advantage. Nor was there any 
great difference when only the plants under 36 inches in height 
were excluded. Nor again when all the plants, however much 
dwarfed and unhealthy, were included. In this latter case the 
Colchester-crossed gave the lowest average of all ; and if these 
l^lants had been in any marked manner superior to the other 
two lots, as from my former exi)erienco I fully expected they 
would have been, 1 cannot but think that some vestige of such 
superiority would have been evident, notwithstanding the very 
unhealthy condition of most of the plants. No advantage, as far 
as we can judge, was derived from intercrossing two of the 
grandchildren of Hero, any more than when two of the children 
were crossed. It appears therefore that Hero and its descendants 
have varied from the common type, not only in acquiring great 
power of growth, and increased fertility when subjected to self- 
fertilisation, but in not profiting from a cross with a distinct 
stock ; and this latter fact, if trustworthy, is a unique case, as 
far as I have observed in all my experiments. 

Summary on the Growth, Vigour, and Fertility of the 
successive Oeneratiom of the crossed and selffertiltsed 
Plants of Ipomcea purpurea, together with some miscel- 
laneous Observations. 

In the following table, No. XVII., we see the average 
or mean heights of the ten successive generations of 
the intercrossed and self-fertilised nlants. o-rnirn 
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competition with each other; and in the right-hand 
column we have the ratios of the one to the other, the 
height of the intercrossed plants being taken at 100. 
In the bottom line the mean height of the seventy- 
three intercrossed plants is shown to be 85 • 84 inches, 
and that of the seventy-three self-fertilised plants 
66*02 inches, or as 100 tp 77. 


Table XVIL 

IpoTncea jturpurea. Summary of Meamrements {in Inches) of 
the Ten Generations. 


Number of the Generation. 

Numberf .Average ;Numl)(‘r 
of 1 Hwicht .‘of Self- 
Cross^ jof < 'rohi-edi fertl- 
I’lants. ' PiaotH. 1 Used 

1 j iMaots. 

j AvoruK<- 
'Height u 
ISell-lert!- 
1 hsul 
j Hunt-. 

1 

Ratio between 
Average 
Height of 
CroH)*i‘<l and 
Self-fertilised 
PlantK. 

First jfenoration . 

Table I, 

6 

: Mb -00 

0 

1 05 ‘00 

1 

i 

as loo to 70 

Second generation 

Table 11. 

0 

84- 10 

0 

1 00-33 

i 

as 100 to 79 

Third geuei-ation . 

Table III. 

fl 

77-41 

0 

52*83 

as 100 to 68 

Fourth generation . 

Table V. 

7 

09-78 

7 

00-14 

as loo to 80 

Fifth generation . 

Table VI. 

b 

i 

oc 

6 

02-33 

as 100 to 75 

Sixth generation . 

Table VU. 

0 

87-50 1 

i 

6 

03*16 

as 100 to 72 

Seventh generation . 

Table VHI. 


8:i*94 

9 

08-25 

as 100 to 81 

Eighth generation , 

Table IX. 

8 ■ 

113-25 

“ i 

»(i-65 

as 100 to 85 

Ninth generation 

Table X. 

14 

! 

81-39 

14 

04*07 

as 100 to 79 

Tenth generation , . 

Table XI. 

5 

93-70 

5 1 

1 

50*40 j 

as 100 to 54 

Alt the ten generations! | 
^ taken together . ./J 

73 

85-84 

73 1 

60*02 

as 100 to 77 
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The mean height of the self-fertilised plants in 
each of the ten generations is also shown in the 
accompanying diagram, that of the intercrossed plants 
being taken at 100; and on the right side we see 
the relative heights of the seventy-three intercrossed 
plants, and of the seventy-three self-fertilised plants. 
The difference in height between the crossed and 



Diagram showing the mean heights of the crossed and self-fertilised 
plants of Ipomma purpurea in the ten generations; the mean height of the 
crossed plants being taken as 100. On the right hand, the mean heights of 
the crossed and self-fertilised plaAts of all the generations taken together 
are shown, » 

self-fertilised plants will perhaps be best appreciated 
by an illustration : If all the men in a country were 
on an average 6 feet high, and there were some families 
which had been long and closely interbred, these 
would be almost dwarfs, their average height during 
ten generations being only 4 feet 8:^ inches. 
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It should be especially observed that the average dif- 
ference between the crossed and self-fertilised plants 
is not due to a few of the former having grown to an 
extraordinary height, or to a few of the self-fertilised 
being extremely short, but to all the crossed plants 
having surpassed their self-fertilised opponents, with 
the few following exceptions. The first occurred in 
the sixth generation, in which the plant named Hero” 
appeared ; two in the eighth generation, but the self- 
fertilised plants in this generation were in an anomalous 
condition, as they grew at first at an unusual rate and 
conquered for a time the opposed crossed plants ; and 
two exceptions in the ninth generation, though one 
of these plants only equalled its crossed opponent. 
Therefore, of the seventy-three crossed plants, sixty- 
eight grew to a greater height than the self-fertilised 
plants, to which they were opposed. 

In the right-hand column of figures, the difference 
in height between the crossed and self-fertilised plants 
in the successive generations is seen to fluctuate much, 
as might indeed have been expected from the small 
number of plants measured in each generation being 
insufficient to give a fair average. It should be 
remembered that the absolute height of the plants 
goes for nothing, as each pair was measured as 
soon as one of them had twined up to the summit 
of its rod. The great difference in the tenth genera- 
tion, viz., 100 to 54, no doubt was partly accidental, 
though, when these plants were weighed, the differ- 
ence was even greater, viz., 100 to 44. The smallest 
amount of difference occurred in the fourth and the 
eighth generations, and this was apparently due to 
both the crossed and self-fertilised plants having 
become unhealthy, which prevented the former attain- 
ing their usual degree of superiority. This was an 
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unfoi*tTjnate circumstance, but my experiments were 
not thus vitiated, as both lots of plants Mere exposed 
to the same conditions, whether favourable or un- 
favourable. 

There is reason to believe that the flowers of this 
Ipomoea, when growing out of doors, are habitually 
crossed by insects, so that the first seedlings which I 
raised from purchased seeds were probably the offspring 
of a cross. I infer that this is the case, firstly from 
humble-bees often visiting the flowers, and from the 
quantity of pollen left by them on the stigmas of sueli 
flowers ; and, secondly, from the plants raised from the 
same lot of seed varying greatly in the colour of their 
flowers, for as we shall hereafter see, this indicates 
much intercrossing."^ It is, therefore, remarkable 
that the plants raised by me from flowers which were, 
in all probability, self-fertilised for the first time after 
many generations of crossing, should have been so 
markedly inferior in height to the intercrossed plants 
as they were, namely, as 70 to 100. As the plants 
which were self-fertilised in each succeeding generation 
necessarily became much more closely interbred in 
the later than in the earlier generations, it might have 
been expected that the difference in height between 
them and the crossed plants wo\ild have gone on in- 
creasing ; but, so far is this from being the case, that 
the difference between the two sets of plants in the 
seventh, eighth, and ninth generations taken together 
is less than in the first and second generations together. 
When, however, we remember that the self-fertilised 
and crossed plants are all descended from the same 

♦ Verlot says (* Sur la Froduo- color, cnniiot be kept pure unless 
tion do8 Vurictes/ p. 6G) gw*wn at a. distance from all other 
that certain varieties of a eiosely varieties, 

allieii plant, the. Convolvulus 



56 IPOMOEA PUBPUMA. Chap. IL 

motheS**plant, that many of the crossed plants in each 
generation were related, often closely related, and that 
all were exposed to the same conditions, which, as we 
shall hereafter find, is a very important circumstance, it 
is not at all surprising that the difference between 
them should haye somew^hat decreased in ethe later 
generations. It is, on the contrary, an astonishing fact, 
that the crossed plants should have been victorious, 
even to a slight degree, over the self-fertilised plants 
of the later generations. 

The much greater constitutional vigour of the 
crossed than of the self-fertilised plants, was proved on 
five occasions in various ways; namely, by exposing 
them, while young, to a low temperature or to a 
sudden change of temperature, or by growing them, 
imder very unfavourable conditions, in competition 
with full-grown plants of other kinds. 

With respect to the productiveness of the crossed 
and self-fertilised plants of the successive generations, 
my observations unfortunately were not made on any 
uniform plan, partly from the want of time, and partly 
from not having at first intended to observe more than 
a single generation. A summary of the results is here 
given in a tabulated form, the fertility of the crossed 
plants being taken as 100. 

Generation cf crossed and sdf-feriilised Plants 
growing in cerni'peiilion with one another. — Sixty-five 
capsules produced from flowers on five crossed plants 
fertilised by pollen from a distinct plant, and lifty-fivo 
capsules produced from flowers on five self-fertilised 
plants fertilised by their own ix>]len, contained seeds 

in the proportion of 100 to 93 

Fifty-six spontaneously self-fertilised capsules on 
the above five crossed plants, and twenty-five sponta- 
neously self-fertilised capsules on the above five self- 
fertilised plants, yielded seeds in the proportion of . 100 to 99 
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Combining tho total number of capsules produced 
by these plants, and the ave:^e number of seeds in 
each, the above crossed and self-fertilised plants 
yielded seeds in the proportion of . . . • 100 to 64 

Other plants of this first generation grown under 
unfavourable conditions and s|)ontaneously self-ferti- 
lised, yielded seeds in the proportion of . . . 100 to 45 

Third General hn (f enmed and stlf-fertilised PlanU, 

—Crossed capsules compared with self-fertilised cap- 
sules contained seeds in the ratio of . . / 100 to 94 

An equal number of crossed and self-fertilised 
plants, both spontaneously self-fertilised, produced 

capsules in the ratio of 100 to 38 

And these capsules contained seeds in the ratio of . 100 to 94 
Combining these data, the productiveness of the 
crossed to the self-fertilised plants, both spontane- 
ously self-fertilised, was as 100 to 35 

Fourth Generation of crose&l and self -fertilised Plants^ 

— Cai)eules from flowers on the crossed plants ferti- 
lised by pollen from another plant, and cfapsules from 
flowers on the self-fertilised plants fertilised with their 
own pollen, contained seeds in the proportion of . 100 to 94 
Fifth Generation of crossed and self-fertUised Plants, 

— ^The crossed plants produced spontaneously a vast 
number more pods (not actually counted) than the 
self-fertilised, and these contained seeds in the pro- 
portion of , 100 to 89 

Ninth Generation of crossed and sef -fertilised Plants, 

—Fourteen crossed plants, spontaneously self-ferti- 
lised, and fourteen solf-fertilis^ plants spontaneously 
self-ferfilised, yielded capsules (the average number 
of seeds per capsule not having been ascertained) in 

the proportion of 100 to 26 

Plants derived from a cross mth a fresh Stock cem- 
pared with intercrossed Plants, — The oflspring of inter- 
crossed plants of the ninth generation, crossed by a 
fresh stock, compared with plants of the same ^tock 
intercrossed dnring ten generations, both sets of plants 
left uncovered and naturally fertilised, produced 
capsules by weight as 100 to 51 

We see in this table that the crossed plants are 
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always in some degree more productive than the self- 
fertilised plants, by whatever standard they are com- 
pared. The degree differs greatly; but this depends 
chiefly on whether an average was taken of the seeds 
alone, or of the capsules alone, or of both combined. 
The relative superiority of the crossed plants is chiefly 
due to their producing a much greater number of caj> 
sules, and not to each capsule containing a larger 
average number of seeds. For instance, in the third 
generation the crossed and self-fertilised plants pro- 
duced capsules in the ratio of 100 to 38, whilst the 
seeds in the capsules on the crossed plants were to 
those on the self-fertilised plants only as 100 to 04. 
In the eighth generation the capsules on two self- 
fertilised plants (not included in the above table), 
grown in separate pots and thus not subjected to any 
competition, yielded the large average of 5*1 seeds. 
The smaller number of capsules produced by the self- 
fertilised plants may be in part, but not altogether, 
attributed to their lessened size or height ; this being 
chiefly due to their lessened constitutional vigour, so 
that they were not 'able to compete with the crossed 
plants growing in the same pots. The seeds produced 
by the crossed flowers on the crossed plants were not 
always heavier than the self-fertilised seeds on the 
seif-fertilised plants. The lighter seeds, whether pro- 
duced from crossed or self-fertilised flowers, generally 
germinated before the heavier seeds. I may add that 
the crossed plants, with very few exceptions, flowered 
before their self-fertilised opponents, as might have 
been expected from their greater height and vigour. 

The impaired fertility of the self-fertilised plants was 
shown in another way, namely, by their anthers being 
smaller than those in the flowers on the crossed plants. 
This was first observed in the seventh generation, but 
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may have occurred earlier. Several anthers from flowers 
on the crossed and self-fertilised plants of the eighth 
generation were compared under the microscope ; and 
those from the former were generally longer and plainly 
broader than the anthers of the self-fertilised plants. 
The quantity of pollen contained in one of the latter 
was, as far as could be judged by the eye, about half 
of that contained in one from a crossed plant. The 
impaired fertility of the self-fertilised plants of the 
eighth generation was also shown in another manner, 
which may often be observed in hybrids — namely, by the 
first-formed flowers being sterile. For instance, the 
fifteen first flowers on a self-fertilised plant of one of the 
later generations were carefully fertilised with their 
own pollen, and eight of them dropped off ; at the same 
time fifteen flowers on a crossed plant growing in the 
same pot were self-fertilised, and only one dropped off. 
On two other crossed plants of the same generation, 
several of the earliest flowers were observed to fertilise 
themselves and to produce capsules. In the plants of 
the ninth, and I believe of some previous generations, 
very many of the flowers, as already stated, were 
slightly monstrous ; and this probably was connected 
with their lessened fertility. 

All the self-fertilised plants of the seventh genera- 
tion, and I believe of one or two previous generations, 
produced flowers of exactly the same tint, namely, of a 
rich dark purple. So did all the plants, without any 
exception, in the three succeeding generations of self- 
fertilised plants ; and very many were raised on account 
of other experiments in progress not liere recorded. 
My attention was first called to this fact by my 
gardener remarking that there was no occasion to label 
the self-fertilised plants, as they could always be known 
by their colour. The flowers were as uniform in tint 
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as those of a wild species growing in a state of nature ; 
whether the same tint occurred, as is probable, in the 
earlier generations, neither my gardener nor self could 
recollect. The flowers on the plants which were first 
raised from purchased seed, as well as during the first 
few generations, varied much in the depth of the 
purple tint ; many were more or less pink, and occa- 
sionally a white variety appeared. The crossed plants 
continued to the tenth generation to vary in the same 
manner as before, but to a much less degree, owing, 
probably, to their having become more or loss closely 
inter-related. We must therefore attribute the extra- 
ordinary uniformity of colour in the flowers on the 
plants of the seventh and succeeding self-fertilised 
generations, to inheritance not having been interfered 
with by crosses during several preceding generations, 
in combination with the conditions of life having been 
very uniform. 

A plant appeared in the sixth self-fertilised genera- 
tion, named the Hero, which exceeded by a little in 
height its crossed antagonist, and which transmitted 
its powers of growth and increased self-fertility to its 
children and grandchildren, A cross between the 
childfcn of Hero did not give to the grandchildren 
any advantage over the self-fertilised grandchildren 
raised from the self-fertilised children. And. as far as 
my observations can be trusted, which were made on 
very unhealthy plants, the great-grandchildren raised 
from intercrossing the grandchildren had no advantage 
over the seedlings from the grandchildren the product 
of continued self-fertilisation; and what is far more 
remarkable, the great-grandchildren raised by crossing 
the grandchildren with a fresh stock, had no advantage 
over either the intercrossed or self-fertilised great- 
grandchildren It thus appears that Hero and its 
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descendants differed in constitution in an extraordinary 
manner from ordinary plants of the present species. 

Although the plants raised during ten successive 
generations from crosses between distinct yet inter- 
related plants almost invariably exceeded in height, 
constitutional vigour, and fertility their self-fertilised 
opponents, it has been proved that seedlings raised 
by intercrossing flowers on the same plant are by no 
means superior, on the contrary are somewhat inferior, 
in height and weight, to seedlings raised from flowers 
fertilised with their own pollen. This is a remarkable 
fact, which seems to indicate that self-fertilisation is 
in some manner more advantageous than crossing, 
unless the cross brings with it, as is generallv the case, 
some decided and preponderant advantage ; but to this 
subject I shall recur in a future chapter. 

The benefits which so generally follow from a 
cross betw^een tw'o plants apparently depend on the 
two differing somewhat in constitution or character. 
This is shown by the seedlings from the ihtercrossed 
plants of the ninth generation, when crossed with 
pollen from a fresh stock, being as superior in 
height and almost as superior in fertility to the again 
intercrossed plants, as these latter were to seedlings 
from sell-fertilised plants of the corresponding gene- 
ration. We thus learn the important fact that the 
mere act of crossing two distinct plants, which arc 
in some degree inter-related and which have been 
long subjected to nearly the same conditions, does 
little good as compared with that from a cross between 
plants l)elonging to different stocks or families, and 
which have been subjected to somewhat different con- 
ditions, We may attribute the good derived from 
the crossing of the intercrossed plants during the 
ten successive generations to their still differing some- 
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what in constitution or character, as was indeed proved 
by their flowers still difieriug somewhat in colour. 
But the several conclusions which may be deduced 
from the experiments on Ipomcea will be more fully 
considered in the final chapters, after all my other 
observations have been given. 
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CHAPTER III. 

ScROPHTLARlACEiE, CtE 8NEI11ACE.E, LABlATiB, ETC. 

Mimulus hitcug; height, vigour, and fertility of the crosses! and self- 
foililised plants of the lirst four generations — Appearance of a 
new, tall, and highly self-fertile Variety-Offspring from a cross 
between self-fertilised plants — Effects of a cross with a fresh stock 
— Effects of crossing flowers oa thtj same plant — Summary on 
Minmlus luteus — Digitalis purpurea, superiority of the crossed 
plants — Effects of crossing flowers on the same plant— Calce'olaria 
— Linuxia vulgaris — Verbascura thapsus — Vaudellia munmulori- 
folia — Cleistogamic flowers — Gesneria peAululina — Salvia coccinea — 
Origanum vulgare, great increase of the crossed plants by stolons 
— Thunbergia alata. 

In the family of the Scrophulariacete I experimented 
on species in the six following genera: Mimulus, 
Digitalis, Calceolaria, Linaria, Verbascum, and Van- 
del lia. 


II. SCEOPHULABIACE.E.~MiMtJLi:8 LrTEUs. 

The plants w^hich I raised from purchased seed varied greatly 
in the colour of their flowers, so that hardly two individuals 
were quite alike ; the corolla Ixiing of all shades of yellow, 
with the most diversified blotches of purple, crimson, orange, 
and coppery brown. But the.se plants differed in no other 
respect.*^ The flowers are evidently well adapted for fortilisar 
tion by the agency of insects ; and in the case of a closely allied 
species, M, roseus, 1 have watched bees entering the flowers, thus 
getting their backs well dusted with ix)llen ; and when they 
entered another flower the pollen was licked off their backs by 

* I geut several spocimeus with The flowers with much red have 
variously coloured flowers to Kew, been named by horticulturists os 

and Dr. H<x)ker informs mo that var. Youngiana. 
they all consisted of iff. lutem* 
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the two-lipped stigma, the lips of which are inhtable and close 
like a forceps on the pollen-grains. If no pollen is enclosed 
between the lips, these open again after a time, Mr. Kitchener 
lias ingeniously explained * tlie use of tliese moyements, namely, 
to prevent the self-fertilisation of the flower. If a bee with 
no pollen on its back enters a flower it touches the stigma, 
which quickly closes, and when the hee retires dusted with 
pollen, it can leave none on the stigma of the same flower. 
But as soon as it enters any other flower, plenty of pollen is 
left on the stigma, which will be thus cross-fertilised. Never- 
theless, if insects are excluded, the flowers fertilise themselves 
perfectly and prcxhice plenty of seed ; but I did not ascertain 
whether this is effected by the stamens increasing in length 
with advancing age, or by the bending down of the pistil. The 
chief interest in my experiments on the present species, lies in 
the appearance in the fourth self-fertilised generation of a 
variety which bore large peculiarly-coloured flowers, and grow 
to a greater height than the other varieties ; it likewise became 
more highly self-fertile, so that this variety resembles the 
plant named Hero, which appeared in the sixth self-fertilised 
generation of Ij>omoea. 

Some flowers on one of the plants raised from the purchased 
seeds were fertilised with their own pollen ; and others on the 
same plant were crossed with pollen from a distinct plant. The 
seeds from twelve capsules thus produced were placed in 
separate watch-glasses for comparison ; and those from the six 
crossed capsules api)eaTed to the eye hardly more numerous 
than those from the six m^lf-fertilisenl cax>siile8. But when the 
seeds were weighed, those from the crossed capsules amounted 
to 1*02 grain, whilst those from the self-fertilised capsules 
were only * 81 grain ; so that the former were either heavier or 
more numerous than the latter, in the ratio of 100 to 79. 

Crossed and setf-fertilised Plauts of the First Cmtration , — Having 
ascertained, by leaving crossed and .«elf*fcrtilised seer! on damp 
sand, that they germinated simultaneously, both kinds were 
thickly sown on oy)posite sides of a broad and rather shallow 
pan ; so that tlie two sets of seedlings, which came up at the 
same time, were subjected to the saino unfavourable conditions. 
This was a bad method of treatment, but this species was one of 
the flret on which I experimented. When tlm crossed seedlings 


♦ * A Year’s Botany,* 1874, p. 118, 
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were on an average half an inch high, the self-fertilised ones 
were only a quarter of an inch high. When grown to their full 
height under the above unfavoumble conditions, the four tallest 
crossed plants averaged 7*62, and the four tallest self-fertilised 
6 * 87 inches in height ; or as 100 to 77. Ten flowers on the crossed 
plants were fully expanded before one on the self-fertilised 
plants. A few of these plants of both lots were transplanted 
into a large pot with plenty of good earth, and the self-fertilised 
plants, not now being subjected to severe competition, grew 
during the following year as tall as the crossed plants; but 
from a case which follows it is doubtful whether they would 
have long continued equal. Some flowers on the crossed plants 
were crossed with pollen from another plant, and the capsules 
thus produced contained a rather greater weight of seed than 
those on the self-fertilised plants again self-fertilised. 

Crossed and self ^fertilised I^lants of the Second (Jeneration. — Seeds 
from the foregoing plants, fertilised in the manner just stated, 
were sown on the opposite sides of a small j>ot (I.) and came up 
crowded. The four tallest crossed seedlings, at the time of 
flowering, averaged 8 inches in height, whilst the four tallest 
self-fertilised plants averaged only 4 inches. Crossed seeds 
•were sown by themselves in a second small pot, and self- 
fertilised seeds were sown by themselves in a third small pot ; 
so that there was no competition whatever between these two 
lots. Nevertheless the crossed plants grew from 1 to 2 
inches higher on an average than the self-fertilised. Both lots 
looked equally vigorous, but the crossed plants flow^erod earlier 
and more profusely than the self-fertilised. In Pot I., in which 
the two lots competed with each other, the crossetl plants flowered 
first and produced a large number of capsules, whilst the 
self-fertilised produced only nineteen. The contents of twelve 
capsules from the crossed flowers on the crossed plants, and 
of twelve capsules from self-fertilised flowers on the self-fertilised 
plants, were placed in separate watch-glasses for comparison ; 
and the crossed seeds seemed more numerous by half ^an the 
self-fertilised. 

The plants on both sides of Pot I., after they had seeded, 
were cut down and transplanted into a large pot with plenty of 
good earth, and in the following spring, when they had grown 
to a height of between 6 and 6 inches, the two lots were equal> 
as occurred in a similar experiment in the last generation. 
But after some weeks the crossed plants exceeded the self- 

F 
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fortiUsed ones on the opposite side of the same pot, though not 
neaiiy to so great a degree as before, when they were subjected 
to yery severe competition. 

Crossed and self^/ertiliBed Plants of the Third Oenerativn . — 
Oxoseod seeds from the crossed plants, and self-fertilised seeds 
from the self-fertilisod plants of the last generation, were sown 
thickly on opposite sides of a small pot, No. I. The two tallest 
plants on each side were measured after they had flowered, and 
the two crossed ones were 12 and inches, and the two self- 
fertilised ones 8 and 5i indies in height ; that is, in the ratio of 
100 to 69, Twenty flowers on the crossed plants were again 
crossed and produced twenty capsules ; ten of which contained 
1*83 grain weight of seeds. Thirty flowers on the gelfnfertilised 
plants were again self-fertilised and produced twenty-six 
capsules ; ten of the best of which (many being very jioor) con- 
tained only ‘87 giain weight of seeds; that is, in tlie ratio of 
100 to 65 by weight 

The superiority of the crossed over the self-fertilised plants 
was proved in various ways. Solf-feidilised seeds were sowm oii 
one side of a jwt, and two days afterwards crossed seeds on the 
opposite side. The tivo lots of seedlings wore equal until they 
were alx)ve half an inch high; but when fully gro^m the two 
tallest crossed })lants attained a height of 12i and 82 inches, 
whilst the tw^o tallest self-foitilised plants were only 8 and bi 
inches liigh. 

In a tlnrd pot, crossed seeds were sown four days afte ' the 
self-fertilised, and the seedlings from the lath)r had at first, as 
might have lieen expcch^<i, an advantage; but wbe i the two 
lots were l)etween 5 and 6 inches in height, they were equal, 
and ultimately the three tallest cros8(,*d i>lants were 11, 10, and 
8 inched, whilst the three tallest self-fei-tilised were 12, 8-1, and 
75 inches in height. So that there was not much difference 
between them, the crossed plants having an average advantage 
of only the third of an inch. The plants w^ere cut down, and 
writhout l)eing disturbed were transplanted into a larger pot. 
Thus the two lots started fair in the following spring, and now 
the crossed plants showed their inherent 8Ui:>eriority, for the two 
tallest were 13 inclios, whilst the two tallest self-fertilised plants 
were only 11 and 85 inches in height ; or as 100 to 75. The 
two lots were allowed to fertilise themselves spontaneously : the 
crossed plants produced a large number of capsules, whilst the 
self-fertilised produced very few and poor ones. Tlie seeds 
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from eight of the capsules on the crossed plants weighed *65 
grain, whilst those from eight of the capsules bn the self-fer- 
tilised plants weighed only :22 grain; or as 100 to 34. 

The crossed plants in the above three pots, as in almost all 
the previous experiments, flowered before the self-fertiliBod. 
This occurred even in the third pot in which the crossed seeds 
were sown four days after the self-fertilised seeds. . 

Lastly, seeds of both lots were sown on opposite sides of a 
large pot in which a Fuchsia had long l>een growing, so that the 
earth was .full of roots. Both lots grew miserably; but the 
crossed seedlings liad an advantage at all times, and ultimately 
attained to a height of 3i inches, whilst the self-fertilised seed- 
lings never exc<‘edecl 1 inch. The several foregoing experiinents 
prove in a decisive manner the suf)eriority in constitutional 
vigour of the crossed over the self-fertilised plants. 

In the three generations now descril>ed and taken together, the 
average height of the ten tallest crossed plants? was 8 19 inches, 
and that of the ten tallest self-fertilised plants 5*29 inches (tlie 
plants having l>eou grown in small pots), or a.s 100 to 05, 

In the next or fourth self-fertilised generation, several planl.K 
of a new and tall variety apj^eared, which increased in the 
later self-fertilised generations, owing to its great self-fertility * 
to the complete exclusion of the original kinds. The same 
variety also appeared amongst the crossed plants, but as it was 
not at first regarded with any particular attention, I know 
not how far it was used for raising the intercrossed plants ; and 
in the later crossed generations it was rarely present. Owing to 
the appearance of this tall v^iriety, the comparison of the crossed 
and self-fertilised plants of the fifth and succeeding generations 
was rendered unfair, as all the self-fertilised and only a few or 
none of the crossed plants consisted of it Nevertheless, the 
results of the later experiments arc in some respects well worth 
giving. 

Vi'OHHed and sef/^fertUised Plant'i of the Fourth Generation , — Seeds 
of the two kinds, produced in the usual way from the two sots of 
plants of the third generation, were sown on opposite sides of 
two pots (I. and II.); but the seedlings were not thinned 
enough and did not grow well. Many of the self-fertilised 
plants, especially in one of the pots, consisted of the new and 
tall variety above referred to, which l)ore large and almost white 
flowers marked with crimson blotches. I will call iti the 
White varieti/, I believe that it first appeared amongst both the 

F 2 
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carefillly. The self-fertilised seedlings came up rather before the 
crossed, but both lots were for atime of equal height. When first 
measured, the average height of the six tallest crossed plants in 
the three pots was 7* 02, and that of the six tallest self-fertilised 
plants 8 ‘07 inches, or as 100 to 128. When fully grown the 
same plants were again measured, with the result shown in the 
following table:— 

Table XVIII. {Seventh Oeneration,) 


No. of Pot 

Crossed Plants. 

KS<*Jf-fertili.se<i Plants. 


Inches. 

Indies. 

I- 1 

llg 1 

IWi 


nj 1 

IS 

11. 


m 




111. : 

9'J 


1 

“3 

11 

' i 

Total indies. | 

es*G3 ■ 

0.1 ‘SS 


The average height of the six crossed is here II *43, and that 
of the six self-fertilised 15*01, or as 100 to 137. 

As it was now evident that the tall white variety transmitted 
its characters faithfully, and as the self-fertilised plants consisted 
exclusively of this variety, it was manifest that they would 
always exceed in height the crossed plants which Ixjlonged 
chiefly to tlie original shorter varieties. This line of experiment 
was therefore discontinued, and I tried whether intercrossing 
two self-fertilised plants of the sixth generation, growing in dis- 
tinct pots, would give their offspring any advantage over the 
ofBspring of flowers on one of the same plants fertilised witli their 
own pollen. These latter seedlings formed the seventh genera* 
tion of self-fertilised plants, like those in the right-hand column 
in Table XVIII. ; the crossed plants were the pr^xiuct of six 
previous self-fertilised generations with an intercross in the 
last generation. The seeds were allowed to germinate on sand, 
and were planted in pairs on opposite sides of four pois, all the 
remaming seeds being sown crowded on opjiosito sides of Pot 
V, in Table XIX. ; the three tallest on oat*.h side in this latter pot 
bdng alone measured. All the plants were twice measuied— -the 
first time whilst young, and the average height of the crossed plants 
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to that of the self-fertilised was then as 100 to 122. When fully 
grown they were again measured, as in the following table : — 

Table XIX. 


No. of Pot. 

IntercroKM^ Plants 
from Self-fertillfed 
Plants of the Sixth 
Qenemtioo. 

Self'fcrtiUsed Plants 
of the Seventh 
Generation. 


Inches. 

Inches. 

I. 

l‘2j 

15j 

118 




10 

11 


UJ 

11 

II. 

10 1 

112 


71 

ii| 


12 1 

88 


7 


Hi. 

! 

1 m 


i 1-^8 

i 

IV. 

7i 

14j 


81 

7 


i 

8 

V. 

8t j 

10| 

Crowded. 

9 1 

92 


8j 

H 

Total in inches. 

1 159 ••■18 

175-50 


The average height of the sixteen intercrossed plants is here 
9*96 inches, and that of the sixteen self-fertilised plants 10*96, or 
as 100 to 110 ; so that the intercrossed plants, tlie progenitors of 
which had been self-fertilised for the six previous generations, 
and had been exposed during the whole time to remarkably uni- 
form conditions, were somewhat inferior in height to the plants 
of the seventh self-fertilised generation. Hut as we shall pre- 
sently see that a similar experiment made after two additional 
generations of self-fertilisation gave a different result, I know 
not how far to trust the present one. In three of the $ve 
pots in Table XIX. a self-fertilised plant flowered first, and in 
the other two a crossed plant. These self-fertilised plants were 
remarkably fertile, for twenty flowers fertilised with their own 
pollen produced no less than nineteen very line capsules 1 
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The effects of a Cross with a disiinct Stocks — Some flowers on the 
self-JfertiliBed plants in Pot IV. in Table XIX. were fertilised 
with their own i)ollen, and plants of the eighth self-fertilised 
generation were thus raised, merely to serve as parents in the fol- 
lowing experiment Several flowers on these plants were allowed 
to fertilise themselves spontaneously (insects being of course 
excluded), and the plants raised from these seeds formed the 
ninth self-fertilised generation ; they consisted wholly of the tall 
white variety with crimson blotches. Other flowers on the 
same plants of the eighth sclf-fertilisod generation were crossed 
with pollen taken from another plant of the same lot ; so that 
the seedlings thus raised were the offspring of eight previous 
generations of self-fertilisation with an intercross in the last 
generation; these I will call the inter crosned plants. Lastly, 
other flowers on the same plants of the eighth self-fertilised 
generation were crossed with pollen taken from plants which had 
been raised from seed procured from a garden at Chelsea. The 
Chelsea plants bore yellow flowers blotched with red, but differed 
in no other respect. They had been grown out of doors, whilst 
mine had been cultivated in pots in the greenhouse for the 
last eight generations, and in a different kind of soil. The 
seedlings raised from this cross with a wholly different stock 
may be called the ** Chehea^crossed,** The three lots of seeds 
thus obtained w^ere allowed to germinate on bare sand; and 
whenever a seed in all three lots, or in only two, germinated at 
the same time, they were planted in pots su])erficially divided 
into three or two compartments. The remaining seeds, 
whether or not in a state of germination, were thickly sown in 
three divisions in a large pot, X., in Table XX. When the plants 
had grown to their full height they were measured, as shown in 
the following table ; but only the throe tallest plants in each of 
the three divisions in Pot X. wore measured. 

In this table the average height of the twenty-eight Chelsea- 
crossed plants is 21*62 inches; that of the twenty-seven inter- 
crossed plants 12*2; and that of the nineteen self-fertilised 10 * 44. 
But with respect to the latter it will be the fairest plan to strike out 
two dwarfed ones (only 4 inches in height), so as not to exaggerate 
the inferiority of the self-fertilised plants; and this will raise the 
average height of the seventeen remaining self-fertilised plants 
to 11*2 inches. Therefore the Chelsea-crossed are to the inter- 
crossed in height as 100 to 56; the Chelsea-crossed to the self- 
fertilised as 100 to 52 ; and the intercrossed to the self-fertilised 
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Tablk XX. 



Plants from Self* 

Plants from an In* 

Self-fertilised 


fertilisr^d Plants of 

tercross between 

Plants of the Ninth 
Generatioti from 
Plants of the 
Eighth Self-ferti- 
lised Generation. 

No. of Pot. 

the KiRhth Genera- 

the T*lants of the 


tion crosseil by 
Chelsea Plants. 

Kighth Self-ferti- 
lised Generation, 


Inches. 

Inches. 

Inches. 

I. 

30 i 

14 

9| 


28 j 

138 

lOJ 


•• 

13i 

10 

II. 

20 f 

114 

Ilf 


m 

12 

12| 



94 

•• 

ill. 

2;!g 

12 J 

8J 


24 S 

, , 

111 


25 1 

•• 

64 

IV. 

22 1 

92 

4 


22 

84 

i3i 


17 

•• 

11 

V. 

22 i 

9 

4| 


19| 

11 

13 



*• 

131 

VI. 

28| 

18} 

12 


22 

7 

16J 


«• 


VII. 

m 

15 




12} 



20 1 

IM 



26 1 

15 1 


VIII. 

llj 

m 



22 § 

Ui 



27 

1 

Hi 


IX. 

225 

11} 



6 

17 



20 j 



X. 

Crowded Plants. 

184 

1«, 

n 

H 

O CO 


17 J 

10 

ni 

Total inches. 

605-38 

a329*50 

198^50 
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aa 100 to 92. We thus see how immensely superior in height 
the Chelsea-crossed are to tho intercrossed and to the self- 
fertilised plants. They began to show their superiority when 
only one inch high. They were also, when fully grown, much 
more branched with larger leaves and somewhat larger flowers 
than the plants of the other two lota, so that if they had been 
weighed, the ratio would certainly have been much higher than 
that of 100 to 56 and 52. 

Tho intercrossed plants are here to the self-fertilised in 
height as 100 to 92; whereas in the analogous experiment 
given in Table XIX. the intercrossed plants from tlie self- 
fertilised plants of the sixth generation were inferior in height 
to the self-fertilised plants iu the ratio of 100 to 110. I 
doubt whether this discordance in the results of the two 
experiments can be explained by the self-fertilised plants in the 
present case having been raised from spontaneously self- 
fertilised seeds, wliereas in the former case they were raised 
from artificially self-fertilised seeds; nor by the present plants 
having been self-fertilised during two additional generations, 
though this is a more probable explanation. 

With respect to fertility, the twenty-eight Chelsea-crossed 
plants produced 272 capsules; the twenty-seven intercrossed 
plants produced 21; and the seventeen self-fertilised idants 17 
capsules. All the plants were left uncovered so as to be naturally 
fertilised, and empty capsules were rejected. 

Capsules. 

Therefore 20 Chelsea-crossed plants would have produced 194 * 29 
„ 20 Intercrossed plants „ „ 17*77 

„ 20 Self-fertilised plants „ „ 20*00 

Graim. 

The seeds contained in 8 capsules from the Chelsea- 1 ^ 
crossed plants weighed f 

Tho seeds contained in 8 capsules from the Intercrossed 1 Q .52 

plants weighed j 

The seeds contained in 8 capsules from the Self-fertilised I Q .33 

plants weighed I ^ 

If we combine the numl)er of capsules produced together with 
the average weight of contained seeds, we get tho following 
extraordinary ratios : 

Weight of seed producxxl by the same number ) mot 4 
of Chelsea-crossed and intercrossed plants . J 
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Weight of seed produced by the same number 1 «« inn 

of Chelsea-crossed and self-fertilised plants J 
Weight of seeds produced by the' same number 1 to 7^ 

of intercrossed and self-fertilised plants . , v ^ , 

It is also a remarkable fact that the Chelsea-crossed plants 
exceeded the two other lots in hardiness, as greatly as they did 
in height, luxuriance, and fertility. In the early autumn most of 
the i)ots wore bedded out in tlic open ground ; and this always 
injures plants which have been Jong kept in a warm greenhouse. 
All three lots consequently suffered greatly, hut the. Chelsea- 
crossed plants much less than the other two lots. On the 3rd of 
Ootol>er the Chelsea-orossod plants began to flower again, and 
continued to do so for some time ; wliiist not a single flower was 
produced by the plants of the other two lots, the stems of which 
were cut almost down to tho ground and seemed half dead. 
Early in December there w^as a sharp frost, and the stems of 
Chelsea-crossed were now cut down ; but on the 23rd of December 
they began to shoot up again from tho roots, whilst all the plants 
of the otlicr two lota wore quite dead. 

Although several of the self-fertilised seeds, from which the 
plants in tho right-hand column in Table XX. were raised, germi- 
nated (and were of course rejected) Ixjforo any of those of the 
other two lots, yet in only one of the ton pots did a self- 
fertilised plant flower before the Chclsca-crossetl or the inter- 
crossed plants growing in the same ix>ts. The plants of those 
two latter lots flowered at the same time, though the Chelsea- 
crossed grew so miich biller and more vigorously than the 
intercrossed. 

As already stated, the flowers of tho plants originally raised 
from the Chelsea seeds wore yellow; and it deserves notice that 
every one of the twenty-eight seedlings raised from tho tall 
white variety fertilised, without lx?ing castrated, with pollen 
from tho Chelsea plants, produced yellow flowers ; and this 
shows how prepotent this colour, which, is the natural one of 
tho species, is over the wliito colour. 

The Effects on the Offspring of intercrossing Flowers on the 
same Planty instead of crossing distinct Tiidividucds. — In all the 
foregoing experiments the crossed plants were the product of a 
cross between distinct plants. I now selected a ver/^gorous 
plant ip Table XX., raised by fertilising a plant of the eightli 
self-fertilised generation with pollen from the Chelsea stock. 
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Seyeral flowers on this plant were crossed with pollen from other 
fl^owers on the same plant, and several other flowers were 
fertilised with their own pollen. The seed thus produced was 
allowed to germinate on bare sand; and the seedlings were 
planted in the usual manner on the opposite sides of six 
pots. All the remaining seeds, whether or not in a state of 
germination, were sown thickly in Pot VII. ; the three tallest 
plants on each side of tliis latter pot Ix^ing alone measured. As I 
was in a hurry to learn the result, some of these seeds were sown 
late in the autumn, but the plants grew so irregularly during 
the winter, that one crossed plant was 28i inches, and two 
others only 4, or less than 4 inches in height, as may ha seen 
in Table XXL Under such circumstances, as I have observed 
in many other cases, the result is not in the least trust- 
worthy ; nevertheless I feel bound to give the measurements. 


Table XXI. 



Plante raised from a 

Plante raised from 

No. of Pot. 

Crtw between dif- 

Flowers fertilised 

ferent Plowcri. on the 

with their own 


same Plant. 

Pollen. 


Inches. 

Inches. 

I. 

17 

17 


9 

3i 

II. 

283 

19J 


161 

6 


13 1 

2 

III. 

4 

168 


23 

10 

IV. 

23 j 

H 


15j 

\ n 

V. 

7 

i31 

VI. 

183 

li 


11 

2 

VII. 

21 

ir-i 

11 

Crowded- 

113 


121 

Hi 

Total inches. 

210-88 

U0*75 
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The fifteen crossed plants here average 14*06, and the fifteen 
solMertilised plants 9*38 in height, or as 100 to 67. But if 
all the plants under ten inches in height are struck out, the ratio 
of the eleven crossed plants to the eight self-fertilised plants 
is as 100 to 82. 

On the following spring, some remaining seeds of the two 
lots were treated in exactly the same manner; and the measure- 
ments of the seedlings are given in the following table ; — 


Table XXn. 


No. of Pot. 

Plants raised from a 
CroHS between diffe- 
rent Flowers on the 
same Plant. 

Plants raised from 
Flowers fertilised 
with their own Pollen. 


Inches. 

Inches. 

1. 

IS* 

194 


12 

20 i 


104 

12J 

11. 

i«8 

Hi 


108 1 

19 8 


20 i 

17 8 

111. 

185 

12g 


15 

ir>§ 


13| 

17 

IV. 

19 g 

log 


198 

211 

V. 1 

208 ! 

228 

1 

VI. 

15 1 

1 


20 g j 

! log 


27 g I 

1 10| 

VII. 

7i 

i 7i 


14 



in 

1 7 

VIII. 

18| 

20j i 

Crowded, 

isy 

178 


IS'i 

15| 


\Si 

154 1 

Total in inches. 

370-88 

353*63 J 
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Here the average height of the twenty-two crossed plants is 
16*85, and that of the twenty-two self-fertilised plants 16*67 ; or 
.as 100 to 05. But if four of tlie plants in Pot Vll., which are 
much shorter than any of the others, aie struck out (and this 
would be the fairest^ plan), the twenty-one crossed are to the 
nineteen self-fertilised plants in height as 100 to 100*6 — that is, 
are equal. All the plants, except the crowded ones in Pot VIIl., 
after being measured wxu-e cut down, and the eighteen crossed 
plants weighed 10 oz., whilst the same number of self-fertilised 
plants weighed lOi oz., or as 100 to 102 ' 5 ; but if the dwarfed 
plants in Pot VII. had been excluded, the self-fertilised would 
have exceeded the crossed in weight in a higher ratio. In all 
the previous experiments in which seedlings were raised from a 
cross between distinct plants, and were put into competition 
with self-fertilised plants, the- former generally flowered first ; 
but in the present case, in seven out of the eight pots a 
self-fertilised plant flowered before a* crossed one on the 
opposite side. (Joiisidcring all the evidence with respect to 
the plants in Table XXII., a cross between two flowers on the 
same plant seems to give no advanttige to the offspring thus 
produced, the self-fertil ised x^Iants being in weight sux>erior. But 
this conclusion cannot l)e absolutely trusted, owing to the 
measurements given in Table XXL, though these latter, from 
the cause already assigned, ai*e very much less trustworthy than 
tlie present ones. 


Sumftiary of Observations on Mimulus luteus , — In the 
three first generations of crossed and self-fertilised 
plants, the tallest plants alone on each side of the 
several pots were measured; and tlie average height 
of the ten crossed to that of the ten self-fertilised 
plants was as 100 to 04. The crossed were also much 
more fertile than the self-fertilised, and so much 
more vigorous that they exxjeeded them in height, even 
when sown on the oppdsite side of the same pot after 
an interval of four days. The same superiority was 
likewise shown in a remarkable manner when both 
kinds of seeds w^ere sown on the opposite sides of a pot 
with very poor ehrth full of the roots of another plant 
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In one instance crossed and self-fertilised seedlingSy 
grown in rich soil and not put into competition with 
each other, attained to an equal height. When we 
come to the fourth generation the two tallest crossed 
plants taken together exceeded by only a little the two 
tallest self-feiiiilised plants, and one of the latter beat 
its crossed opponent, — a circumstance which had not 
occurred in the previous generations. This victorious 
self-fertilised plant consisted of a new white-flowered 
variety, w'hich grew taller than the old yellowish 
varieties. From the first it seemed to be rather more 
fertile, when self-fertilised, than the old varieties, and 
in the . succeeding self-fertilised generations became 
more and more self-fertile. In the sixth generation the 
self-fertilised plants of this variety compared with the 
crossed plants prodiu^ed capsules in the proportion 
of 147 to 100, both lots being allow^ed to fertilise 
themselves spontaneously. In the seventh generation 
twenty flowers on one of these plants artificially 
self-fertilised yielded no less than nineteen very fine 
capsules ! 

This variety transmitted its characters so faithfully 
to all the succeeding self-fertilised generations, up to 
the last or ninth, that all the many plants which w^ere 
raised presented a complete uniformity of character; 
thus offering a remarkable contrast with the seedlings 
raised from the purchased seeds. Yet this variety 
retained to the last a latent tendency to produce 
yellow flowers; for w^hen a plant of the eighth self- 
fertilised generation was crossed with pollen from a 
yellow-flowered plant of the Chelsea stock, every 
single seedling bore yellow flowers. A similar variety, 
at least in the colour of its flowers, also appeared 
amongst the crossed plants of the third generation. 
No attention was at first paid to it, and I know' not 
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how far it was at first used either for crossing or seif- 
fertilisation, In the fifth generation most of the 
self-fertilised plants, and in the sixth and all the 
succeeding generations every single plant consisted of 
this variety ; and this no doubt was partly due to its 
great and increasing self-fertility. On the other 
hand, it disappeared from amongst the crossed plants 
in the later generations; and this was probably 
due to the continued intercrossing of the several 
plants. From the tallness of this variety, the self- 
fertilised plants exceeded the crossed plants in height 
in all the generations from the fifth to the seventh 
inclusive; and no doubt would have done so in the 
later generations, had they bec^n grown in competition 
with one another. In the fifth generation the crossed 
plants were in height to the self-fertilised, as 100 to 
126 ; in the sixth, as 100 to 147 ; and in the seventh 
generation, as 100 to 137. This excess of height may 
be attributed not only to this variety naturally growing 
taller than the other plants, but to its possessing a 
peculiar constitution, so that it did not suffer from 
continued self-fertilisation. 

This variety presents a strikingly analogous case to 
that of the plant called the Hero, which appeared in 
the sixth self-fertilised generation of Ipomoea. If 
the seeds produced by Hero had been as greatly in 
excess of those produced by the other plants, as was the 
case with Mimulus, and if all the seeds had been 
mingled together, the offspring of Hero would have 
increased to the entire exclusion of the ordinary 
plants in the later self-fertilised generations, and from 
naturally growing taller would have exceeded the 
crossed plants in height in each succeeding generation. 

Some of the self-fertilised plants of the sixth gene- 
ration were intercrossed, as were some in the eighth 
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generation; and the seedlings from these crosses were 
grown in competition with self-fertilised plants of the 
two corresponding generatiotis. In the first trial the 
intercrossed plants were less fertile than the self- 
fertilised, and less tall in the ratio of 100 to 110. 
In the second trial, the intercrossed plants were more 
fertile than the self-fertilised in the ratio of 100 to 
73, and taller in the ratio of 100 to 92. Notwith- 
standing that the self-fertilised plants in the second 
trial were the product of two additional generations 
of self-fertilisation, I cannot understand this discor- 
dance in the results of the two analogous experiments. 

The most important of all the exj)eriments on 
Mimulus are those in which flow^ers on plants of the 
eighth self-fertilised generation were again self-ferti- 
lised ; other flowers on distinct plants of the same lot 
were intercrossed ; and others were crossed with a new 
stock of plants from Chelsea. The Chelsea-crossed 
seedlings were to the intercrossed in height as 100 to 
50, and in fertility as 100 to 4 ; and they were to the 
self-fertilised plants, in height as 100 to 52, and in 
fertility as 100 to 3. These Chelsea-crossed plants 
were also much more hardy than the plants of the 
other two lots ; so that altogether the gain from the 
cross with a fresh stock was wonderfully great. 

Lastly, seedlings raised from a cross between flowers 
on the same plant were not superior to those from 
flowers fertilised with their own pollen ; but this result 
cannot be absolutely trusted, owing to some previous 
observations, which, however, were made under very 
unfavourable circumstances. ^ 

Digitalis purpukba. ^ 

The flowers of the common Foxglove are proterandrous ; that 
is, the pollen is mature and mostly shed before the stigma of 
the same flower is retwiy for fertilisation. This is effected by 

o 
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the larger humble-bees, which, whilst in search of nectar, carry 
pollen from flower to flower. The two upper and longer 
stamens shed their pollen before the two lower and shorter 
ones. The meaning of this fact probably is, as Dr. Ogle re- 
marks,* that the anthers of the longer stamens stand near to 
the stigma, so that they would be the most likely to fertilise it ; 
and as it is an advantage to avoid self-fertilisation, they shed 
their pollen first, thus lessening the chance. There is, however, 
but little danger of self-fertilisation until the bifid stigma 
opens ; for Hildebrand f found that pollen placed on the stigma 
before it had opened produced no effect. The anthers, which 
are large, stand at first transversely with respect to the tubular 
corolla, and if they were to dehisce in this position they would, 
as Dr. Ogle also remarks, smear with pollen the whole back and 
sides of an entering humble-bee in a useless manner ; but tho 
anthers twist round and place themselves longitudinally before 
they dehisce. The lower and inner side of the mouth of the 
corolla is thickly clothed with hairs, and these collect so much 
of the fallen pollen that I have seen the under surface of a 
humble-bee thickly dusted with it; but this can never be ap- 
plied to the stigma, as the 1)668 in retreating do not turn their 
under stirfaces upwards. I was therefore puzzled whether these 
hairs were of any use ; but Mr, Belt has, I think, explained 
their use : tho smaller kinds of bees are not fitted to fertilise 
the flowers, and if they were allowed to enter easily they would 
steal much nectar, and fewer large Ix^es would haunt the 
flowers, Humble-l)ees can crawl into tho dependent flowers 
with the greatest case, using the ‘'hairs as f(X)tholds while 
sucking the honey ; but the smaller bees arc impeded by 
them, and when, having at length struggled through thorn, they 
I’cach the slippery precipice above, they are completely 
baflSIed,"' Mr. Belt says that he watched many flowers during 
a whole season in North Wales, and “ only once saw a small 
bee reach the nectary, though many were seen trying in vain to 

do BO.” t 

I covered a plant growing in its native soil in North Wales 
with a net, and fertilised six flow'ers each with its own pollen, 

♦‘Popular Science Review,' gna,’ 1874, p. 132. But it appears 
j€Wi. 1870, p. 60. from H. Miillcr (* Die Befriiohtung 

t ‘ Geschlechter - Vertheilung cler Blumeu/ 1873, p. 285), thal 
bei den Fflanzen,* 1867, p. 20. small insectH soinetimos suooeed 

t * The Naturalist in Nioara- in entering the flowers. 
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and six others with pollen from a distinct plant growing within 
the distance of a few feet. The covered plant was occasionally 
shaken with violence, so as to imitate the effects of a gale of 
wind, and thus to facilitate as far as possible self-fertilisation. 
It bore ninety-two flowers (besides the dozen artificially ferti- 
lised), and of these only twenty-four produced capsules ; whereas 
almost all the flowers on the surrounding uncovered plants were 
fruitful. Of the twenty-four sjwntaneously self-fertilised cap- 
sules, only two contained their full complement of seed; six 
contained a moderate supply; and the remaining sixteen ex- 
tremely few seeds. A little pollen adhering to the anthers after 
they had dehisced, and accidentally falling on the stigma when 
mature, must have l>een the means by which the above twenty- 
four flowers were partially self-fertilised ; for the margins of the 
corolla in withering do not curl inwards, nor do the flowers in 
dropping off turn round on their axes, so as to bring the pollen- 
covered hairs, with which the lower surface is clothed, into con- 
tact with the stigma — by either of wliich means self- fertilisation 
might be effecte<l. 

f^ds from the above crossed and self-fertilised capsules, after 
germinating on bare sand, were planted in pairs on tbe opposite 
sides of five moderately-sized pots, whudi were kept in the green- 
house. The plants after a time appeared starved, and were 
therefore, without being disturbed, turned out of thoir pots, and 
planted in the open ground in two close parallel rows. They 
were thus subjected to tolerably severe competition with one 
another ; but not nearly so severe as if they had l)oen left in the 
pots. At the time when they were turned out, tlieir leaves were 
between 5 and 8 inches in length, and the longest leaf on 
tbe finest plant on each side of each pot was measured, with the 
result that the leaves of the crossed plants exceeded, on an 
a storage, those of the self-fertilised plants by *4 of an inch. 

In the following summer the tallest flower-stem on each plant, 
when fully grown, was measured. There were seventeen crossed 
plants ; but one did not produce a flower-stem. There were also, 
originally, seventeen self-fertilised plants, but these had such 
poor constitutions that no less than nine died in the course of 
the winter and spring, leaving only eight to be measiiied, as in 
the following table : — 
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Table XXIIL 

The tdlhat Wlower^^tenn on each Plant measured : 0 means that 
the Plant died hr fore a Floioer-stem was produced. 


No.ofPoi i 

Crossed Plants. 

Self-fertlUsed Plsnts. 

I- i 

1 

1 

Inches. 

53 1 

571 

57 1 
f)5 

Inches. 

27 j 

55 i 

0 

0 

II. i 

34 1 

39 

1 

52 ji 

32 

I 

eus 

21 

III. ; 

57 J 

53 1 

i 

53 1 

0 

1 

50 S 

1 0 


37i 

! 0 

IV. 1 

643 


1 

i 

37 1 

23 g 

0 

V. ! 

53 

0 

! 

47 i 

0 

1 

34g 

0 

Total in inches. ' 

00 

287-00 


The average height of the flower-stems of the sixteen crossed 
plants is here 51*33 inches; and that of the eight self-fertilised 
plants, 35 * 87 ; or as 100 to 70. But this difference in height does 
not give at all a fair idea of the vast superiority of the crosse 1 
plants. These latter produced altogether sixty-four flower-stems, 
each plant producing, on an average, exactly four flower-stems ; 
whereas the eight self-fertilised plants produced only fifteen 
flower-«tems, each producing an average only of 1*87 stems, and 
these had a less luxuriant appearance. We may put the result in 
another way : the number of flower-stems on the crossed plants was 
to those on an equal number of self-fertilised plants as 100 to 48. 

Thi^ crossed seeds in a state of germination were also planted 
in three separate pots; and three self-fertilised seeds in the 
same state in three other pots. These plants were therefore 
at first exposed to no competition with one another, and whmi 



Chap, III. CROSSED AND SELF-FERTILISED PLANTS, 85 


turned out of their pots into the open ground they were planted 
at a moderate distance apart, so that they were exposed to much 
less severe competition than in the last case. The longest leaves 
on the three crossed plants, when turned out, exceeded those on 
the self-fertilised plants by a mere trifle, viz., on an average by 
*17 of an inch. When fully grown the three crossed plants 
produced t wenty -six flower-stems ; the two tallest of which on 
each plant were on an average 54*04 inches in height The 
three self-fertilised plants produced twenty-three flower-stems, 
the two tallest of which on each plant had an average height of 
46*18 inches. So that the difference between these two lots, 
which hardly competed together, is much less than in the last 
case when there was moderately severe competition, namely, as 
100 to 85, instead of as 100 to 70. 

The Efft'cU on iiui Off gyring of intercrossing diffirent Flowers on 
the same Flaut, instead of crossing distinct Individuals, — A fine 
plant growing in my garden (one of the foregoing seedlings) was 
covered with a net, and six flowers were crossed with pollen from 
another flower on the same plant, and six others were fertilised 
with their own pollen. All produced good capsules. The seeds 
from each were placed in separate watch-glasses, and no difference 
could be perceived by the eye between the two lots of seeds; 
and when they wore weighed there was no difference of any sig- 
nificance, as the seeds from the self-fertilised capsules weighed 
7*65 grains, wliilst those from the crossed capsules weighed 
7*7 grains. Therefore the sterility of the present species, when 
insects are excluded, is not due to the impotence of pollen 
on the stigma of the same flower. Both lots of seeds and seed- 
lings were treated in exactly the same manner as in the previous 
table (XXIII.), excepting that after the pairs of germinating seeds 
had been planted on the opposite sides of eight pots, all the 
remaining seeds were thickly sown on the opposite sides of Pots IX. 
and X. in Table XXIV. The young plants during the following 
spring wore turned out of their pots, without being disturbed, 
and planted in the open ground in two rows, not very close 
together, so that they were subjected to only moderately severe 
competition with one another. Very differently to what occurred 
in the first experiment, when the plants wore subjected to 
somewhat severe mutual competition, an equal number on each 
side either died or did not produce flower-stems. The tallest 
flower-stems on the surviving plants were measured, as shown in 
the following table : — 
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Table XXIV. 

N.B, 0 signifies that tlus Plant died, or did not produce a Flower- 



Uem, 

No. of Pot 

! 

I'lants raised from a 1 i r 

Cr<XHtKtw«>ndif. I K^tsTiiKpil from 
ferent FIowpia on the ' -A 
iuine Plant. I*''** 

I. 

iDches. I Inrbcs. 

49 1 : 4:,8 

4fi5 : .V2 

43S ; 0 

II. 

38| i 54 j 

! i 47J 

0 , 32J 

ill. i 

j 463 

i IV. 

;«i 1 413 

<1 29 J 

4:13 1 37 J 

V. 1 

j 

463 ! -i-’i 

40| 42 i 

43 0 
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The arerage height of the flower-stems on the' twenty-ftve 
crossed plants in all the pots taken together is 43*12 inches, and 
that of the twenty-five self-fortilised plants 39*82, or as 100 to 
92. In order to test this result, the plants planted in pairs in 
Pots 1. to VIIL were considered by themselves, and the average 
height of the sixteen crossed i>lants is here 44 * 9, and that of the 
stoen self-fertilised plants 42*03, or as 100 to 94. Again, the 
plants raised from the thickly sown seed in Pots XI. and X,, 
which were subjected tf> very severe mutual competition, were 
taken by themselves, and the average height of the nine crossed 
plants is 39 *86, and that of the nine self-fertilised plants 35*88, or 
as 100 to 90. The plants in these two latter pots (IX. and X.), 
after khag measured, were cut down close to the ground and 
weighed: the nine crossed plants weighed 57*60 ounces, and 
the nin(‘. self-fertilised plants 45*25 ounces, or as 100 to 78. On 
the whole we may conclude, esj)ecially from the evidence of 
weight, that seedlings from a cross between flowers on the same 
plant have a decided, though not great, advantage over those 
frt)m flowers fertilised with tlieir own pollen, more esj^ecially 
in tlie case of the plants subjected to severe mutual conjpotition. 
But the advantage is much less than that exliibited by the 
crossed offspring of distinct plants, for these exceeded the self- 
fertilised plants in heiglit as 100 to 70, and in the imml)er of 
flower-stems as 100 to 48. Digitalis thus differs from Ipomcea, 
and almost certainly from Mimulus, as with these two species 
a cross between flowers on the same plant did no good. 

Calceolaiua. 

A hushy (jreenhouBe variety^ mth ydlmc fiowen blotched with purple. 

The flowers in this genns are constructed so as to favour or 
almost ensure cros.s-lertilisation and Mr. Anderson remarks! 
that extreme care is neco.ssary to exclude insects in order to 
preserve any kind true. Ho adds the interesting statement, that 
when the corolla is cut quite away, insects, as far as he has seen, 
never discover or visit the flowers. This plant is, however, self- 
fertile if insects are excluded. So few experiments were 
made by mo, that they are hardly worth giving. Crossed and 
self-fertilised seeds were sown on oppo.site sides of a pot, and 

* Hildebrand, ns quoted by f ‘ Gardeners* Chronicle/ 1853^ 
H. Muller, M)ie Bi fruchtung p, 534. 
der Bhunen/ 1H73, p, 277. 



88 


LINARIA VULGAKIS* 


Chap. HI. 


after a time the crossed seedlings slightly exceeded ■ the self- 
fertilised in height. When a little further grown, the longest 
leaves on the former were very nearly 3 inches in length, 
whilst those on the soli-fertilised plants wore only 2 inches. 
Owing to an accident, and to the pot being too small, only one 
plant on each side grew up and flowered ; the crossed plant was 
19i inches in height, and the self-fertilised one 15 inches ; or as 
100 to 77. 

Linaria vulgaris. 

It hfAS l)een mentioned in the introductory chapter that two 
large beds of tliis plant were raised by me many years ago from 
cros^ and self-fertilised seeds, and that there was a conspicu- 
ous difference in height and general a]>po{irance between the 
two lots. The trial was afterwards re]^ 0 {ik)cl with more care ; 
but as this was one of the tirst ]>lants cx])erimciited on, my 
usual method w’as not followed. feetHis were taken from wdld 
jflants growing in this neighbourhood and sown in poor soil in 
my garden. Five plants were covered with a m^t, the others 
l)ciiig left exposed to thclx3es, which incessantly visit the flowers 
of this species, and which, according to H. Miillor, are the 
exclusive feHilisers. Tiiis excellent observer nanarJes * that, as 
the stigma lies between the antliers and is mature at the same 
time with tliem, self-fertilisation is fK)ssiblo. But so few seeds 
are ju'oduced by protected xflants, that tlu5 j>ollen and stigma of 
the same flower seem to have little power of mutual interaction. 
The exposed jflants lK)re numerous cajisules forming solid 
s])ikes. Five of these capsules were examined and apfXiared to 
<*ontain an e/iual miml)er of seeds; and these iKjing counted in 
one capsule, were found to Ite 1C6. The live protectcxl plants pro- 
duced altogether only twenty-flve capsules, of which live were 
much finer than all the others, and these contained an average of 
23 • 6 seeds, with a maximum in one capsule of fifty-five, 8o that 
the number of seeds in tlie capsules on the exposed plants to 
the average numl)er in the finest cai)sules on the protected 
plants was as 100 to 14. 

Some of the spontaneously self-fertillstMi seeds from under 
the net, and some seeds from the uncovered plants naturally 
fertilised and almost certainly intercrossed by the were 
sown separately in two large jiots of the same si&i^ ; so that the 

♦ * Bio Befruchtung/ &c. p. 27^. 
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two lots of seedlings were not subjected to any mutual competi- 
tion. Three of the crossed plants when in full flower were 
measured, but no care was taken to select the tallest plants ; 
their heights were 7J, 7|, and Cj inches; averaging 7*08 in 
height. The three tallest of all the self-fertilised plants were 
then carefully selected, and their heights were 6|, 5g, and bj, 
averaging 5 • 75 in height. So that the naturally crossed plants 
were to the siK)ntaneoiisly self-fertilised plants in height, at 
least as much as 100 to 81. 

VeKUASCUM THAPSUS. 

The flowers of this iflant are frequented by various insects, 
chiefly by Ikjck, for the stike of the pollen. H. Muller, however, 
has shown Die Bofruchtuug/ &c. p. 277) that V. rnrjmrn. 
secretes minute dr()j)H of nectar. Tlio arrangement of the re- 
productive organs, tliough not at all complex, favours cross- 
feidilisation ; and even distinct spcjeics are often crossed, for a 
greater niuul.>er of naturally produced hybrids have been obseiwed 
in tins genus than in almost any otlior.* Kcverthele-ss the 
]uoscnt siHjcies is perfectly self-fertile, if insects are excluded ; 
for a plant protected by a net mus as thickly loaded with flue 
capsules as the surrounding uncovered plants. Ve.dMscum 
h/chnilis is rather less self- fertile, for some protected plants did 
not yield quite so many capsules tis the adjoining uncovered 
plants. 

Plants of r. thap8t(8 had been raised for a distinct purpose 
from self-fertilised seeds ; and som(‘ flowers on these plants were 
again self-foi’tilised, yielding seed of the second self-fertilised 
generation ; and otlier flowers were crossed with i)olk:n from a 
distinct plant. The seeds thus produced were sown on the 
opposite sides of four largo pots. They germinated, however, so 
irregularly (the crossed seedlings generally coming up first) 
that I M'as able to save only six j)airs of etinal age. Tlu^se when 
in full flower were measured, as in the following table (XXV.). 

We here see that two of the self- fertilised plants exceed in 
height their crossed opj)oucuts. Nevertheless the average height 
of the six crossed phiiits is 05*34 inches, and that of the six 
self-fertilised plants 56*5 inches; or as 100 to 80. 

* I have given a striking case found growing w'iM : ‘Journal of 

of a largo number of suoli hybrids Linn, 8oo. Bot.* vul. x. p. 45 A. 

iHitwoou F. ihapem and lychnitw 
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Table XXV. 


No. of Pot. 

Crossed Plants. 

Self-fertlliBed Plants 
of tbe Second Gf ue- 
ratton. 


Il»cllP8. 

Inches. 

I. 

76 

wt 

H. 

54 

66 

111. 

62 

75 


00| 

30 j 

IV. 

73 

62 


66 j 

52 

Total in inches. 

392-13 ; 

339-00 


VaJJDELLIA NUMMULAItIFOLIA, 

Seeds were to me by Mr. J. Scott from Calcutta of this 
small Indian M ood, Mdiich Ix^ars }Xirfect and cleistop^ainic * flowers. 
The latter are extremely small, imy^erfectly develoiHid, and never 
ex]mnd, yet yield plenty of seeds. The perfect and open 
flowers are also small, of a M hite colour with ])nr]>le marks ; t}ic?y 
generally produce S(ied, altliough the contrary has l»ecii 
as-sertod ; and they do so even if protected from iiistjcts. They 
have a rather complicated structure, and appear to be adapted 
for cross-fertilisation, but Mere not carefully examined by me. 
They are not ejisy to fertilise artjfi<*ially, and it is possible that 
some of the flowers w’hicli 1 thought that I had succeeded in 
crossing w^ere afterM^ards spontaneously self-fertilised under the 
net. Sixteen capsules from the crossed ]>erfect flowc^rs contained 
on an average ninety-three stieds (whtli a maximum in one 
capsule of 137), and thirteen cajmulcs from the self-ft.Ttilised 
perfect flowers contained sixty-two seeds (Mitli a maximum in 
one capsule of 13o); or as 100 to 67. But I suspect that this 
considerable ex(!e8s was accidental, as on one occasion nine 
crossed capsules were com))ared with seven self-fertilised cap- 
sules (both included in tlie alxjve numlier), and they contain^ 
almost exactly the same average number of seed. I may add 

♦ The convenient term of cleia- an »rticle on the pregen t genus in 
togamU wag proposed by Kuhn in ♦ Bot. Zeitung/ 1867, p. 65, 
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that fifteen capsules from self-fertilised cleistogainic flowers con- 
tained on m average sixty-four seeds, with a maximum in one 
of eighty-seven. 

Crossed and self-fertilised seeds from the perfect flowers, and 
other seeds from the self-fertilised cleistogainic flowers, were sown 

i) i five pots, each divided superficially into three compartments. 
The seedlings wore thinned at an early age, so that twenty 

j) lantH wore left in each of the three divisions. The crossed plants 
when in full flower averaged 4*3 inches, and tlic self-fertilised 
plants from the perfect flowers 4*27 inches in height ; or as 100 
to 91). The self-fertilised plants from the cleistogamic flowers 
averaged 4 *06 inches in height; so that tlie crossed w’ere in 
height to these latter plants as 100 to 94. 

1 determined to compare again the growth of plants raised 
from crossed and self-fertilised ])erfo(f flow'ers, and ohhiined two 
li-esh lots of seeds. Those were sown on opposite sides of five 
pots, but they were not sufficiently thinned, so that they grow 
ratlier crowded. When fully grown^ all those alK)vo 2 inches 
in height were selected, all below this standard lieing rejected; 
the former consisted of forty-seven crossed and forty-one self- 
fertilised plains; thus a greater number of the crossed tliaii of 
tlie so If- fertilised plants grew to a height of alH)ve 2 inches. Of 
the crossed plants, the twenty-four tallest were on an average 
8*6 inches in height; whilst the twenty-four tallest self- 
fertilised plants were 8*38 inches ill average licight ; or as 100 
to 94, All these plants v ere then cut down close to the ground, 
and the forty-so von crossed plants weiglied 1090 *3 grains, and 
the forty-one self-fertilised plants weighed 887* 4 grains. There- 
fore an eipial number of crossed and self-fertilised would have 
l)een to each other in weight as UK) to 97. From these several 
facts we may conclude that the crossed tilauts had some real, 
though very slight, atl vantage in height and weight over the 
self-fertilised plants, when grown in competition with one 
another. 

The crossed plants were, liowcver, inferior in fertility to the 
self-fertilised. 8ix of the finest plants were selected out of the 
forty-seven crossed ])Iants, and six out of the forty-one self- 
fertilised plants ; and the former produced 598 caf>siilos, whilst 
the latter or self-fertilised plants produeoti 752 capsules. All 
these capsules were the product of ch'istogamic flowers, for the 
plants did not toir during the whole of this season any perfect 
flowers. The seeds were counted in ten cleistogamic capsules 
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produced by tbe crossed plants, and their average number was 
46*4 per capsule ; wliilst the number in ten cleistogamic capsules 
produced by the self-fertilised plants was. 49^’ 4 ; or as 100 to 106, 

* m GESNEEIACEiE.— Gbsneria penjdulina. 

In Gesnefia the several parts of the flower are arranged on 
nearly the same plan as in Digitalis * and most or all of the 
species are dichogamous. Plants were raised from seed sent me 
by Fritz Muller* from South Brazil. St'veii flowers wore crossed 
with pollen from a distinct plant, and produced seven capsules 
containing by weight 3 01 grains of seeds. Seven flowers on the 
same plants were fertilised with their own pollen, and their 
seven capsules contained exactly the same weight of seeds* 
Germinating seeds were planted on opposite sides of four pots, 
and when fully grown measured to the tips of their leaves. 


Table XXYI. 


No. of pot. 

Cro88«l Plants. 

St'lf-ffrtilised Plants, 

1. 

Incb<*H. 

InchoB. 

4-J8 

30 


24 1 

27 J 

n. 

33 

301 


27 

19| 

HI. : 

33 j 

31 i 


29 j 

28 1 

IV. 

30J 

29 S 


36 

26 1 

Total inches. 

256*50 

233*13 


The average height of the eight crossd'd plants is 32*06 inches, 
and that of the eight self-fertilised plants 29*14: or as 100 
to 90. 


Dr. Ogle, ‘Popular Science Review,' Jan. 1870^ p. 51. 
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IV. LABIAT-®.— Salvia ooooinka.* 

This species, unlike most of the others in the same genus, 
yields a good many seeds when insects are excluded. I gathered 
ninety-eight capsules produced by flowers spontaneously self- 
fertilised under a net, and they contained on an average 1*45 
seeds, whilst flowers artificially fertilised with tlieir own pollen, 
in which case the stigma will have received plenty of pollen, 
yielded on an average 8*3 seeds, or more than twice as many. 
Tw^enty flowers ■ were crossed with pollen from a distinct plant, 
and twenty-six were self-fertilised. There was no great difference 
in the proportional number of flowers which produced capsules 
by these two prociesses, or in the numlxir of the contained seeds 
or in the weight of an equal number of seeds. 

Seeds of both kinds were sown rather thickly on opposite sides 
of three pots. When tlie seedlings were about 3 inches in 
height, the crossed showed a slight advantage over the self- 
fertilised. 'When tw'o-thirds growm, the two tallest plants on 
each side of each pot w'cre measured ; the crossed averaged 16*37 
inches, and the self-fertilised 11*75 in height; or as 100 to 71. 
When the i)lai»ts were fully grown and had done flowering, the 
two tallest plants on each side were again measured, with the 
results showm in the following table : — 

Table XXYIL 


No. of Pot. 

Crosaeci Pmnts. 

1 S*'lf-fertilis(‘d Plants. 

j 

Inches. 

Inches. 

1. : 


1 25 

1 

20 

1 18| 

ii. ! 

32 i 

1 20S 

i 

1 


1 19S 

III. i 

29 J 

1 ■ 25 

i 

28 

1 

Total inches. 

167 *1:3 

! 127-00 


* The admirable moohanical by Sprengel, Hildebrand, Delpino, 
adaptations in this gtnua for H. Muller, Ogle, and others, in 
favomitig or ensuring cross-ferti- their several works. 

Usation, mtve been fully desoribed 
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It may be here seen that each of the six tallest crossed plants 
exceeds in height its self-fertilised opponent; the former 
averaged 27*85 inches, whilst the six tallest self-fertilised plants 
averaged 21 * 16 inches ; or as 100 to 76. In all three pots the 
first plant which flowered was a crossed one. All tlie crossed 
plants together produced 409 flowers, wlii 1st all the self-fertilised 
together produced only 282 flowers; or as 100 to 67. So that 
the crossed plants in this respect were far more ])roductive than 
the self-fertilised. 


OrIGANITM VULGAllE. 

This plant exists, according toll. Miiller, tinder two forms; 
one hermaphrodite and strongly jiroterandrons, so that it is 
almost certain to be feililised by xK)lIon from another flower ; 
the other fonn is exclusively female, has a smaller corolla, and 
must of course Ixi fertilised by pollen from a distinct idant 
in order to yield any seeds. The plants on wliich I exi>eri- 
montetl were hermaphrodites ; they had l)oen cultivated for a 
long period as a pot-herb in my kitchen garden, and were, lik(^ 
so many long-cultivated plants, extremely sterile. As I felt 
doubtful about the sjKJcific name I sent specimens to Kew, and 
was assured that the sjiecies was 0. vulgare. My plants formed 
one great clump, and had evidently sjuead from a single root 
by stolons. In a strict sense, therefore, they all belonged to the 
same individual. My object in ex{)erinienting on them was, 
firstly, to ascertain whether crossing flowers Ikh-iic by plants 
having distinct roots, but all derived asexually from the same 
individual, would l>o in any rcsixjct more advantageous than 
self-fertilisation ; and, secondly, to raise for future trial seedlings 
which would constitute really distinct individuals. Several 
plants in the alx)ve clump were covered by a net, and aliout two 
dozen seeds (many of which, however, were small and withered) 
were obtained from the flowers thus spontaneously self-fertilised. 
The remainder of the jilants were left uncovered and were in- 
cessantly visited by becis, so that they were doubtless crossed 
by them. These exposed i>lant8 yielded rather more and finer 
seed (but still very few) than did the covered ydants. The two 
lots of seeds thus obtained were sown on opx»OHite sides of two 
pots ; the seedlings were carefully observed from their first 
growth to maturity, but they did not differ at any period in 
lieight or in vigour, the importance of which latter observation 
we shall presently see. When fully grown, the tallest crossed 
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plant in one pot was a very little taller than the tallest self- 
fertilised plant on the opiK>8ite side, and in the other pot 
exactly the reverse occurred. So that the two lots were in fact 
equal ; and a cross of this kind did no more good than crossing 
two flowers on the same plant of Ipomcea or Mimulus. 

The plants were turned out of the two pots without being 
di«turl)od and planted in the oijen ground, in order that they 
might gi-ow more vigorously. In the following summer all the 
self-fertilised and some of the quasi-crossed plants were covered 
by a net. Many flowers on the latter were crossed by me with 
pollen from a distinct plant, and others wTro left to be crossed 
by the Ik^os. These quasi-cros.sed plants produced rather more 
seed tlian did the original ones in the great clump when left 
to the action of the l>ees. Many flowers on the self-fertilised 
plants were artificially self-fertilised, and others w'ere allowed 
to fertilise themselves spontanamsly under the net, but they 
yielded altogether very few seeds. These tw^o lots of seeds — 
the ]>ro(ln<d of a cross between distinct seedlings, instcfui of as 
in the last case between plants multiplied by stolons, and the 
product of self-fertilised flowers — were allowed to germinate on 
bare sand, ard several equal pairs were planted on opposite 
sides of two large pots. At a very e^irly age the crossed 
plants showed some suiKiriority over the self-fcrtilisetl, which 
was ever aft<3rwards retained. Wlieu the plants wore fully 
grown, the two tallest crossed and the two talh'st self-fertilised 
jflants in each pot were measured, as shown in the following 
table. I regret that from want of time I did not measure all 
the pairs; but the tallest on each side seemed fairly to represent 
the average difference l)ctween the two lots. 


Table XXYIH. 


No. of Tot. 

Cr.«Hed PlttntB (two 

Ui each pot). 

kSelf-fertili«od Plants 
(two tallest in each 
pot). 


Inch ’S. 

Inches. 

I. 


24 


21 

21 

11. 

17 ! 

lii 


16 1 

llj 

Total inches. 

80*0 

68-0 
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The average height of the crossed plants is here 20 inches, and 
that of the self-fertilised 17'12 ; or as 100 to 86. But this excess 
of height by no means gives a fair idea of the vast superiority in 
vigour of the crossed over the self-fertilised plants. The crossed 
flowered first and }iroduced tliirty flower-stems, whilst the self- 
fertilised produced only fifteen, or half tlie number. The pots 
were then bedded out, and the roots prolmbly came out of the 
holes at the bottom and thus aided their growth. Early in the 
following summer the superiority of the crossed plants, owing 
to their increase by stolons, over the self-fertilised jdants was 
truly wonderful. In Pot I., and it should be reinemliered that 
very large pots had been used, tlio oval clump of crossed plants 
was 10 by inches across, with the tallest stem, as yet young, 

inches in height ; whilst the clnmp of self-fertilised plants, 
on the op]X)site side of the same i)ot, was only 3] by indies 
across, with the tallest young stem 4 inches in height. In Pot 
II., the clump of crossed plants was 18 by 9 inches across, with 
the tallest young stem inches in height; whilst the clnmp of 
self-fertilised plants on tlie opposite siile of tlie same pot was 12 
by 4i inches across, with the tallest young stem 6 indies in 
height. The crossed plants during this season, as during the 
last, flowered first. Both the crossed and self-fertilised plants 
being left freely exposed to the visits of bees, manifestly ])roduced 
much more seed than their grand-parents, — tlie plants of the 
original dump still g^o^ving close by in the same garden, and 
equally left to the action of the bees. 

Y, ACANTHACE7E.— Thunbergia alata. 

It apiiears from Hildebrand’s description (‘ Bot. Zeitung,’ 1867, 
p. 285) that the conspicuous flowers of this plant are adapted 
for cross-fertilisation. Seedlings were twice raised from pur- 
chased seed; but during the early summer, when first expe- 
rimented on, they were extremely sterile, many of the anthers 
containing hardly any jiollen. Nevertheless, during the autumn 
.these same plants sixintaneously produced a good many seeds. 
Twenty-six flowers during the two years were crossed with 
pollen from a distinct plant, but they yielded only eleven 
capsules; and these contained very few seeds! Twenty-eight 
flowers were fertilised with pollen from the same flower, and 
these yielded only ten capsules, which, however, contained 
rather more seed than the crossed capsules. Eight pairs of 
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geniiinatijip sced8 were planted on opposite sides of five pots ; 
and exactly half the crossed and half the self-forlilised plants 
exceeded tlioir opponents in height. Two of the self-fertilised 
plants died young, Ixifore they were mejtisured, and tlieir crossed 
opponents were thrown aw^ay. The six remaining ])airs grew 
very unequally, some, hotli of the crossrHj and seif-fertilised 
plants, l>eitig more than twice as tall as tlio others. The average 
height of the crossed platits was (iO indies, and that of tlio self- 
fertilised plants 65 indies, or a>s 1(X) to 108. A cross, thcrefuK;, 
hetween distinct individuals here appears to do no good; but 
this result deduced from so few plants in a very sterile condition 
and gi’owing verj’ unequally, obviously cannot be tnisted. 


H 
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CHAPTEE IV. 

CRL’CIPEKAS, PAPAVERACEiE, ReiSEDACEJE, ETC. 

BrHssica olmcea, cropsed and salf* fertilised plants — Great effect of u 
cross with a fresh stock on the weight of tin- oflfsjjring — Iheris 
iixnbellata — Papaver vagnm — EKchscholtzia califondca, seedlings 
fiorn a cross with a fre.sh stock not more vigorous, but more 
fertile thai' the self-ferti Used seed lings — IJestdnlntta and odoriiUi, 
many individuals sterile with their own in>llen — Viola tricolor, 
W'ondcifid elf cts of a cross — Adonis aistivalis— Delphinium oonsolida 
— Vi8oaria< oilata, crossed plants hardly taller, butn)on‘ h'rtile than 
the sclf-fertiliscfl — Diunthns curyophyllus, crossed and j-elf-fertilised 
)»lantH cawpartnl for four generations — Great effects of a cross with 
a fresh stock — Uniform colour of the flowers on tlie self-fertilised 
plants — Hibiscus africanus. 

VI. CRUCIFER — Brassica oleracea. 

Far. CattelVs Early Barnes Cablxtye, 

The flowers of the cominon cabbage are adapted, as shown by 
H. Muller,* for crrt.ss-lertilisatioD, and should this fail, for self- 
fertilisation , It is w’oU known that the varieties are crossed bo 
largely by insects, tliat it is imp»ossiblc to raise ])nre kinds in the 
same garden, if jnore than one Idnd is in flowxT at the same time 
Cabbages, in one resf>eot, were not well fitted for my cxj)erimcnts, 
as, after they had formed heads, they were often difiBicultto mea- 
sure. The flower-stems also differ much in lioight; and a jx>or 
plant will sometimes throw up a higher stem tlian that of a fine 
plant. In the later exjXTiments, the fully-grown ])lants wen' cut 
down and wxigljed, and then the immense advanhige from a 
cross l>ecame manifest. 

A single plant of the al)ove variety was covered with a net 
just l>efore flowering, and was crossed with pollen from anoUier 
plant of the same variety growing clow'. >>y ; and the seven cap- 
sules thus produced contained on an average IG’B seeds, with a 


* ‘Die Befruohtuiig,* &c. p. 139. 
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maximum of twenty in one capsule. Sf)ine flowers were arti- 
ficially self-fertilised, but tlieii* capsules did not contain so many 
scit‘,ds as those from flowers sponbineously st^lf- fertilised under 
the net, of which a considerable nunilx^r were produced. FourU en 
of those latter capsules contained on an average 4*1 seeds, with 
a maximum in one of ten seeds ; so that the seeds in the crossed 
capsules were in number to those in the self-fertilised capsules as 
lOU to 2”). The scdf-feHilistKl seeds, fifty-eight of which w’eighed 
8*88 grains, were, however, a little Aikt than those from tlic 
crossed eapsuh's, fifty-eight of wh ich weighed 3 * 76 grains. When 
f(iw seeds are protluetirl, these seem often to be bettor nourished 
and to be Jieavic'r than wlien many are produced. 

Th(' two lots of seeds in an equal state of germination wore 
planted, some on op])ositc sides of a single pot, and some in the 
o})cn ground. The young crossed plants in the pot at first ex- 
ceeded by a little in height the self-fertilised ; then equalM tliem ; 
were tlam lx;aten ; and lastly were again victorious. The plants, 
without Ix'ing disturl>ed, were turned out of tla^ pot, and planted 
ill the o}X}n ground; and after growing for .some time, tlie 
crossed plants, which were all of nearly the same height, exceeded 
the self-fertilised ones by 2 inches. When tlu'y ilowei’cd, the 
(lowt;r-stcms of the tallest crossed ])lant exceeded that of the 
tallest s<ilf-fertilisc-d plant by G inches. The other seedlings 
which were planted in the open ground stood separate, so that 
they did not compete with one another ; nevertheless the crossed 
plants certainly grew to a rather greater height than the self-fei*- 
tilisf^d ; but no measurements were luaxle. The crossed plants 
which had been raised in the ]>ot, and tlioso ]>liuated in the open 
ground, all flowered a little iKifore the self-ferti list'd pliinis. 

rVos.std (wd Plants o/' the P/ecund (jtnemiion, — Some 

ilowc'rs on the crossed idants of the last generation were again 
crossed with i)ollen from another cro.ssed plant, and ]>roducLd 
fine capsules. The flo'wers on the self-fertilised jdants of the 
last generation were allowed to fertilistj themselves s)K)utaneo\isly 
under a net, and they produced some remarkably fine capsules. 
The two lots of seeds thus produced germinated on sand, and 
eight pairs were planted on opposite sidc^s of four pots. These 
))lants were' measui'ed to the tips of their leaves on the 
20th of October of the same year, and the eight crossed plants 
averaged in height 8*4 inches, whilst the self-fertilised averaged 
8*58 inches, so that the crossed were a little inferior in height, 
os 100 to 101*5. By the 5th of June of the following year tlieso 

H 2 
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plants had grown much bulkier, and had begun to form 
heads. The crossed bad now acquired a marked suj)criority 
ill general apjiearanee, and aATxagod 8*02 inches in height, 
wiiilst the self-fertilised averaged 7*81 inches; or as 100 to ill. 
The plants were then turnecl out of their jiots and planted 
undisturbed in the open ground. By the 5th of August their 
heads were fully formed, but several had grown so crookid that 
theii* heights could hardly be measured with accuracy. The 
crossed jilants, how^ever, were on the wliole considerably taller 
than the self-fertilised. In the following year they flowertd ; the 
ciosscd ])lants flowering before the .self-f('rtilised in three of the 
l)ots, and at the same time in Pot II. The flower-stems were 
now^ measured, as shown in Table XXIX. 

Tadle XXIX, 

MfViiitral to it/jts of Fiowt r-t^teins ; 0 ki(jnfjks that a Floiver^steju 
iCiiH nol for irmd. 


». ol Pot. 

Cre.^st'd Plants. 

* Si.'lf-fcrtili'iK d Piaiits- 


Inches. 

1 Inchow. 

I. 1 


i 44 

II. 



III. 

47 i 

51 1 


4m I 

41? 


42 s 

40 1 

IV. 

4nr^ 

20 g 


i 


1 

0 

0 

iq iache.s. J 

.'ioo * 7r» i 

351 MM) 


Tlu; nine flower-stems on tlie crossed plants here average 41 -08 
inches, and titc nine on flic self-fertilised planfs 31 ) inches in 
height, or as 100 to !)5. But this small differeneo, whicli, more- 
over, deirended almost wholly on one of the self-fcrtilisedVlants 
l«Jig only 20 inches higlr, does not in the least show the vast 
superiority' of the erased over tlie self-fertiliswl plants. Both 
lota, including the two plants in Pot IV., whirh did not 
flower, were now cut down close to the ground and weighed, hut 
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thosG in Pot II. were excluded, for they had been accidentally 
injured by a fall during^ transplantation, and one was almost 
killed. The ei^ht crossed plants weighed 219 ounces, whilst the 
eight self-fertilised jdants weighed only 82 ounces, or as 100 to 37 ; 
so that the suiieriority of the former over the latter in weight \vas 
great 

The Effects of a Cross with n fresh Stock, — Some flowers on a 
crossed plant of the last or second generation w’ere fertilised, 
without being castrated, by pollen taken from a plant of the 
same variety, but not related to my plants, and brought from a 
nursery garden (whence my seeds originally came) liaving a dif- 
ferent soil and aK]»oct. The flowers on the self-fertilised plants 
of the last or second generation (Table XXIX.) were allowed to 
fertilise themselves sponhmoonsly under a net, and yielded 
plenty of seeds. Tlicse latter and tlu^ ci'ossed seeds, after germi- 
nating on sand, wen* ] planted in jiaivs on the opposite sides 
of six large pots, which were ke])t at first in a cool greenhouse. 
Early in January their ludglits w<u‘e measured to the ti])s of their 
leaves. The thirteen crossed plants averaged 13*16 inches in 
height, and the twelve (for one had died) self-f(‘rtilised plants 
averagcid 13*7 inches, or as PK) to lOi; so that the self-fertilised 
] slants exceeded by a little the crossed jJants. 


Tablk XXX. 

Weigtit of J^kmts affer they ha<t formed Heads. 


No. of Pot. 

Cros'^ed Plants fritm 
Pollen of fresh Sluclc. 

Self-fertilised Plants 
of the 'I'Jjlrd Gene- 
ration. 

1.- 

Ounct*s. 

i:^o 

Ounci'S, 

is't 

II. 

74 

-e 

HI. 

121 

17j 

IV. 

127? 

14 

V. 

90 

115 

VI. 

106 J 


Total in ounces. 

649*00 

142-2', 
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Early in the spring the plants were gradually hardened, and 
turned out of their pots into the open gi’ound without being 
disturlxjd. By the end of August the gi’oatcr numl>er had 
formed fine heads, but several grew extremely crooked, from 
having been drawn up to the light whilst in the greenhouse. 
As it was scarcely possible to inetisuro their heights, the finest 
l)lant on each side of each pot was cut down close to the ground 
and weighed. In the jireceding table we have the result. 

The six finest crossed i>lants average 108*16 ounces, whilst 
the six fiiiast self-fertilised plants average only 28*7 ounc(;s, or 
as 100 to 2± This difference .shows in the clearest manner tlie 
enormous benefit which these ]»lants derived from a cros.s with 
another plant belonging to tlie same .sul>- variety, but to a fresh 
stock, ami grown during at leiist the three previous generations 
under somewhat different conditions. 

The Offspr ing from a cat-leaved, enrhd^ and vXiriegated white 
green Cabbage ctosml with a cuf-leaved, curled, and varieguttd 
emnson^green Cablmge, rom)7ared with the stdfrfrrtiUml Offspring 
from the two Varieties . — These trials were made, not for the 
sake of comparing the growth of the crossed and self-fertiliscHl 
seedlings, but Ixjcause I had seen it stated that these varieties 
would not naturally intercross when growing uncovered and 
near one another. This statement proved quite* erroneous ; but 
the whih^grecn variety w^as in some degree sterile in my garden, 
prfxlucing little pollen and few st)e<ls. It was therefore no 
wonder that seedlings raised from the self-fertilist*d flowers of this 
variety were greatly exceeded in height by s(X)dlingsfroin a cross 
l>etwoen it and tbo more vigorous crimson-green variety ; and 
notliing more need l)o siiid about tliis expcriiiient. 

The seedlings from the reciprocal cross, that is, from the crim- 
son-green variety fertilised with pollen from the wiiite-greon 
variety, offer a somewhat more curious case. A few of these 
erf»sscd seedlings reverted to a pure green variety with their 
letives less cut and curkd, so that they were altogether in a much 
more natural state, and thesci jAants grew more vigowmsly and 
taller than any of the others. Notv it is a strange fact that a 
much larger numbijr of the self-fertilised seedlings from the 
crimson-green variety than of the crossed seedlings thus reverted ; 
and as a consequence tlie self-fertilised seedlings grew taller by 
2i inches on an average than the cro.ssed seedlings, with which 
they were put into com|)etition. At first, however, the crossed 
seedlings exceeded the self-fertilised by an average of a quarter 
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of an inch. Wo thus sec that reversion to a more natural con- 
dition acted more powerfully in favouring the ultimate growth 
of those plants than did across; but it should rememl>ered 
that the cross was with a senii-Kterilo variety liaving a feeM(» 
constitution. 

IbEUIS UMBELLATA. 

Far. Kernmiana. 

This variety jjroducod plenty of spontaneously self-fertilised 
«3eed under a net. Other plants in pots in the greenhouse w(?rc 
left uncovered, and as I saw small flies visiting the flowers, it 
seemed probable that they would he intercrossed. Consequently 
seeds supi)osod t<j have lH*en thus crossed and s]>ontancousIy sell- 
fertilised seeds were sown on op})osite siiU^s of a pot. The 
self- fertilised seedlings grow from the first quicker than the 
supi>osed crossc'd seedlings, and when both lots were in full 
flower the former were from 5 to 6 inches liiglier than the crossed ! 
I record in my notes that the stdf-fertilised seeds from which 
those self-fertilisoa plants were raised were md so well ri|xned 
as the crosstid ; and this may jiossibly have causcui, from pre- 
mature gi’owth, the great difference in tlioir height, in nearly 
the same manner as wdien selfdertilised seetls of other plants 
were sown a few days Ix'.foro tlio crossed in the same pot. 
We have seen a somewhat analogous case with the self-fertilised 
plants of the eighth generation of I|>omam, raisotl from unhealthy 
parents. It is a curious circumstance, that two other lots of the 
above seeds were sown in pure sand mixi^d wdth burnt earth, 
and therefore without any organic matter; and hero the snj>- 
|)osod crossc’d seedlings grew to double tlie height of the self- 
fertilised, before both lots died, as necessarily occurred at an 
early period. We shall hereafter meet with another case 
ajiparently analogous to this of Iberis in the third generation 
of Petunia. 

The al)ove self-fertilised ])lants were allowed to fertilise Ihem- 
selves again under a net, yielding solf-fiTtilised ])Iaiits of the 
second generation, and the sup|X)sod crossed plants were crossed 
by ix>llon of a distinct plant ; but from want of time this was done 
in a careless manner, namely, by spearing one bead of expanded 
flowers over anotlier. I should have thought that this would 
have succeeded, and perhaps it did so; but the ffict of 108 
of the aelf-fertilisod seeds weighing 4*87 gnwns, whilst the same 
number of the supjx)8ed cros^ seeds weighed only 3 * 57 grains, 
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does not look like it. Five seedlings frora each lot of seeds wei’e 
raised, and the self-fertilised plants, when fully grown, exceeded 
in average height by a trifle (viz. *4 of an inch) the five probably 
crossed plants. T have thought it right to give this case and the 
last, l>t^caus(! had the su})poscd crossed plants proved superior 
to tliG self-fertilised in height, I should have assumed without 
doubt that the former had really l»een crossed. As it is, I do not 
know wliat to conclude. 

Being much surprised at the two foregoing trials, I deter- 
mined to make another, in which there shoukl l>e no doubt about 
the crossing. I therefore fertilised with groat care (but as 
usual without castration) twenty-four flowers on tlie supposed 
crossed plants of the last gtmeratioii with pollen fnmi distinct 
])laiits, and thus obtained twenty-one ca])sules. The seli-ferti list^l 
plants of tlie last g( iieration were allowed to fertilise tlieinselves 
again under a net, and the seedlings reared from tliese seeds 
formed the third S(‘]f-fertiliseil generation. Both lots of seeds, 
after germinating on bare sand, were ]>lanted in ])airs on 
the o}>posito sides of two pots. All the? remaining seeds were 
sown crowded on opposite sides of a third ])ot; but as all tlie 
scjli-fertilised seedlj?igs in this latter pot dictl before they grew 
to any considerable height, they were not measured. Tlie 
plants in Pots 1. and IT. were measured when Udween 7 and 
8 inches in heiglit, and the crossed exceedcil tlie selMertilisc^d 
in average height by 1*57 inches. When fully grown tln\v were 
again measured to the summits of their llower-lK^ads, with the 
following result: — 


Table XXXI. 


JSo, of Pot. 

1 

j Crossea Plants. 

Si-lf'fertilisecl Plants 
of the i liird (Jene- 


1 

1 

ration. 

I. 

Inches. 

- 

Inches, 

18 

19 


21 

21 


m 

ifij 

u. 

19 

ifij 


18 J 



17f 

1*3 

! 163 


21 1 

Total in inches. 

133-88 

114*75 
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The average height of the Beven crosHcd plantB ift hero 19*12 
inches, and tiiat of the seven B(}lf-fertilisecl plants 16-39, or as 
100 to 86. Hut as the plants on the self-fertilised side grew 
very unequally, tliis ratio cannot be fully trusted, and is probably 
too high. In both pots a crossed plant flowered before any one 
of the solf-fertiliaod. These jdants wore left uncovered in tlio 
grceuhoiiso; but from Ix^ing too much crowded they were not 
very productive. The seeds from all s(;vcn ])lant.s of lujth lots 
were counted; the crossed luoduccd 206, and the self-fertilised 
15-1; or as 100 to 75. 

CrosHhy a/nsh Sfocl\^Tirm the doubts caused by the two 
first trials, in which it w^as not known with certainty that the 
plants had be(‘n (‘ros^od; and from the crossed ]>lants in the 
last ex])erimcn1 having been put into com])etition with i»hnits 
self-'fertilised fv)r throe generations, which moreover grew very 
unequally, 1 ros(’>lved to irqyeat tln^ trial on a larger scale, and 
in a rather dilleivnt manner. I obtained seeds of the same 
c.rimsou v.ariety of /. niMlaUf from anotlnn* nursery garden, 
and raised plants from them. Some of these jilants were allow ed 
to fiirtilise tliems(;lves spontaneously nndei* a net; others Avere 
crossed I >y pollen taken from ])lants raised from seed sent mo by 
])r. Dnraiidofrom Algiers, wdierc* the pareni-]»!nnfs had lK‘en(aiI- 
tivated for some gemjrations. Tiiose hitler plants difiered iji liav- 
ing])ale pink instead of crims«.m flowers, but in no other respect. 
That the cross had iKJcn eflective (thougli tlie flowers on the criin- 
son mother-plant had not ]>cen castrated) wus w ell shown wdien tlio 
thirty crossed .se3odlingsflow’ered,fortwenty4bnr of thorn produced 
])ale pink flowers, exactly like thost^ of their father ; the six others 
having crimson flf>wa3rs exactly like those of their mother 
and like those of all tlic self-fertilise<l seedlings. This case 
offers a g<x>d instaiu’c of a result wdiicli not rarely fol low’s 
from crossing varieties liaving diffidently coloured flowers; 
namely, that the colours do not blond, l)ut resemble perfectly those 
either of the fatlier or mother i>lant. The seeds of kdli lots, 
after germinating on sand, were planted on opix)siie sides of 
eight pots. When fully grown, the i>laiits wx're measured to 
the Rummits of the flower-heads, as showm in the following 
table : — 
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having diod) 15*51, or as 100 to 89. I am surprised that the 
difference did not prove somewhat greater, considering that in 
the last ox|)o.rim6nt it was as 100 to BG; hut this latter ratio, as 
before explained, was probably too great. It should, howovfjr, 
Ix) observed that in the last experiment (Table XXXI.), the 
crossed plants competed with i>lants of the third self-fertilised 
generation ; whilst in the present case, planhs derived from a 
cross with a fresh stock comixjted with self-fertilised plants of 
the first genei-ation. 

The crossed plants in the present case, as in tlie last, were 
more fijrtilo than the self-fertilised, both lots being left nil- 
covered in the greenhouse. The thirty crossed jilants produced 
108 seed-hearing flower-heads, as well os some heads wdiich 
yielded no seeds; whereas the twenty-nine stilf-fertilised plants 
produced only 81 seed-bearing In^ails; therefore thirty such 
plants wouhl have produci^d 83*7 heads. We thus get the 
ratio of 100 to 81, for the nunihor of seetl-beariiig flower-heads 
prodiKJod hy the crossed and self-fertilised plants. Moreover, a 
number of seed-1 HJaring hoails from the crossed plants, com- 
pared with the same number from the s(‘!f-fortilised, yielded 
seeds by weight, in the ratio of ICH.) to [)± Combining those 
two olerac'iits, viz., the luiiuhcr of sciod-1 nearing heads and the 
vveiglit of see<ls in each head, the lu’oductiveness of tlie crosseil 
to tlio self- feidi Used plant.s was as 100 to 75. 

The cro.ssod ainl self-fertilised seeds, wliich remained after 
the alxive pairs had heen planted, (some in a state of germina- 
thm and some not so), were sown early in the year out of doors 
ill two roWvS. Many of th»^ self-fertilised seedlings suffered 
gi’catly, and a mucli larger numl>er of them perished than of 
the crossed. In the autumn the surviving self-fertilised plants 
were plainly less well-grown than the crossed plants. 

VII. PArAVEIlAGE.E.— P apaveii vagum. 

A siib-spficies of P, dMum^ from Hie south of France, 

The poppy does not secrete nectar, but the flowers are highly 
conspicuous and are visited by many iKillen-coUectiug bees, 
flies and beetles. The anthers shed their pollen very early, aiul 
in the ease of P, rhoens, it falls on the circumference of the 
radiating stigmas, so that this species must often l>o solf-feidi- 
lised; but with P. duhhan the same result docs not follow 
(according to II. Muller, * Die Bcfruchtung,* p. 128), owing to 
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the shortness of the stamens, unless the flower happens to stand 
inclined. The present species, therefore, does not soein so well 
fitted for self-fertilisation as most of the others. Nevertheless 
P, produced plenty of capsules in niypu'flen wlicu insects 

were excluded, but only late in the .season. I may hero add that 
jP. sornniferum produces an abundance of spontaneously self- 
fertilised capsules, as Professor H. Hoffmann likewise found to 
l>e the case."^ Some species of Pa]’>avcr cross freely when gi'owin^ 
in the same fjjarden, as 1 have known to be the case witli P. 
hracUatum and orie/dale. 

Plants of Palaver v tcitnn wore raised from seeds Kent me from 
Antibes through the kindness of Hr. Bornet. Some little time 
after the flowers hati expanded, several Avore fertiliser! with 
their own pollen, and others (not castrated) with pollen from a 
distinct individual ; but I liave reason to believe, from o]>serva- 
tions subsequently made, that these floAvcrs liad b(*(‘n already 
fertilised by their own pollen, as this proeess seems to take place 
soon after their expansion.f I raised, howf ver, a fmv seedlings 
of both Jots, and the self-feidilised ratljcr exceeded the crossc<l 
plants ill licight. 

Early in the following year I acted differently, and fertilised 
seven flowers, very soon after their ex]»an8ion, with iKdleii from 
another plant, and obtained six capsules. Prom counting the 
seeds in a niodiuin-si/.ed one, I estimated that the average 
numl>er iii each was at lf*ast 120. Four out of twoh e cajisules, 
spontaneously sc^lf-fertilised at the same time, were found to 
contain no good seeds ; and the remaining eight contained on 
an average 6*0 seeds jx'r capsule. But it should 1)0 observed 
that later in the season tlie same plants jiroduceJ under a net 
plenty of very tine spontaneonsly self-foi*tiUsexl caj^sules. 

The alx>ve two lots of seeds, after germinating on sand, were 
planted in pairs on opposite sides of five ixils. The two lots of 
seedlings, when half an inch in height, and again w hen G indies 
high, Avere measured to the tips of their ]eaA*es, but presented 

* ‘ZurBpeolesfrage,’ 1875, p. 53. done “on the socon<l day, or even 

+ Mr. J. Scott found (‘ Kejjort a few hours after the ixpaiision 
on the Experimental Culture of of the flnwi r on the first day, a 
the Opium Poppy :* Calcutta, lb74, partial h rlilisution hml already 
p. 47 )f in the e(i»e of PajMiver gorn- Wn cflwttd, and a few good 
itiferum^ that if he cut away the sixids were almost invariably pro- 
atigmatic surface before the duced." This proves at how early 
flower had expanded, no seeds a period fertilisation takes place, 
w^cre produced; but if this was 
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no difference. When fully grown, the flower-stalks wore 
measured to the summits of the seed capsules, with the follow- 
iiig result : — 

Table XXXin. 

Papaver vagum. 


No. of Pot. 

Crosfied Plants. 

Self-fertlUsed Plants. 


Inches. 

Inches. 

h 

•248 

21 


ao 

2q 


18j 

k; 

11. 


15 5 


li2 

20^ 



14 J 




111. 

208 

vri 


20 i 

i 1'^? 


208 

i 

IV. 

2.»8 

i 


245 

j . 

V, 

20 

i 



1 27 


19 

i 

Total in inches. 

1 .>28 'To 

! 293 'i:i 


The fiftt^en frovSHinl plants hero average 21*91 inches, and the 
fifteen self-fertilised ])lants 19 •ol inches in height, or as 100 to 
89. These ])lanls did not differ in fertility, as far as could l>e 
judged hy the numlKT of cajisules produced, for there were 
seven ty-five on the crossed side and seventy-four on tho self- 
fertilised side. 

EsCHSOHOLTZIA CALirOUNICA. 

This plant is rcmarkahle from tho cros.sod seedlings not ex- 
ceeding in height or vigour the solf-fortilised. On the other 
liand, a cross greatly increases the produetivonoss of tho jlowers 
on the inirent-phints, or, as it would bo more correct to say, self- 
fertilisation lessens their pixMluctivcncss. A cross is indtH.‘d 
sometimes necessary in order that the flowers sliould pnHliice 
any seed. Moreover, plants derived from a cross are themselves 
much more fertile tluiii those raised fr\»m self-fertilised flowers 
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so that the whole advantage of a cross is confined to the re- 
productive system. It will he necessary for me to give this 
vSingiilar case in considerable detail. 

Twelvf3 flcnvers on some idants in my flower-garden were 
fertilised with ]x)lleji from distinct plants, and produced twelve 
capsules ; but one of these contained no good seed. The seeds 
of the eleven good capsules weighed 17*4 grains. Eighteen 
flowers on the same plants w^ere fertilised w^ith tli(*ir owui i>ullen 
and produced twelve good capsules, which contained 18*01 
grains weight of seed. Therefore an etpial nnmbcr of crossed 
and se]f-fertilise<l capsules would have yicilded seed by weigbt 
as 100 to 71.* If wx* take into account flic fact that a much 
gT('.ater projKirtion of flowers jiroduccd capsules wdieii cro^sed 
than when self-fertilised, the relative fertility of the crossed to 
the self-fertilised fiowxrs was as 100 to 52. NcYcrtheless these 
plants, whilst still protected by tlio md, s]»<»2ifaneoMSiy pr(Kluct‘<l 
a considerable number of scilf-hTtilised caj)s\iles. 

The seeds of the two lots after g(*rini)iatiug on sand were 
planted in pairs on the o})i)Osite sidi^s of four large pots. At 
tli’vst there was no difl’orcnce in tlu'ir growth, but ultimately 
the cr(>sso<i seedlings exceedt'd tlie self-fertilised considerably in 
heiglit, as sliown iji the following fable. I>nt I belh^vo from 


lAnui: XXXIV. 

i'dUfi.ru led. 


No. of Put. 

, (3iuss*'d Plant 


1. 

I 

Inrlos. 

! 25 

11. 

i ;u 1 

:h:) 

IH. 

1 

I 

1 -'3 

IV. 

f 22 

I 

Total iu inches. 

118-75 

, 1U2-25 

1 


* Prof. Hildebrand ex|K!ri- 
inented on plants in Germany on 
a larger scaie than I di'l, and 
found thf ru much more helf-.sfei'ile. 
Eighteen cjipsnltB, produced by 
croBs-fertilisation, contained on an 


uverngo ciglity-five seeds, whilst 
tbuifecii cji]»sules fr. in sejl-ferti’- 
lirtcd flowers C(»ntained on an 
Hvernge only nine seeds; that ia, 
a^ 300 to 11 : Mabib. hir Wissen. 
IJotauik,' B. vii. p. 407. 
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the cases which follow lhat this result was acxjidental, owing to 
only a few plants having been measured, and to one of the 
self-fertilised ]>hints having grown only to a height of 15 inches. 
The i)lants had l>eeii kept in the greenhouse, and from being 
drawn np to tlie light had to Ikj tied to sticks in this: and the 
following trials. They were measured to the simiiuits of their 
flow('r-stoms. 

The four crossed plants here average 29*G8 inches, and the 
four self- fertilised 25*50 in height; or as 100 to 86. The 
remaining seeds were sown in a large }>ot in whicli a Cineraria 
had long l)een growing; and in this ease again the two crossed 
plants on the one siilc greatly excc'cded in height the two self- 
fertilised plants on the c>p]K)site side. The j^hiiits in the above 
four ]>ots from having been kept in the greenhouse did not 
produce on this or any other similar occasion many capsules; 
but the tlowcrs on the crossed ])]aiits when again crossed were 
mucli more jwoductive than the flowers on the self-fertilised 
l>lauts when again sell -fertilised. Those i)Iants after sceebng 
were cut down and kept in the greenhouse; and in the 
following year, wJien gimvn again, their relative heights were 
reversed, us the self-fertilised plants in tlirec out of the four 
]) 0 tH were now taller than and floweitid l>cfore the crossed 
])lants. 

Cmssrd and self-fritth's'd rhiufa of the Sicmid GtmnxUlon. — The 
fact just given with rt‘S]>oet to the growth of the cut-down 
plants made mo doubtful alK)ut my lirst trial, so ] determined 
to make anotlier on a larger scale wdth crossed and self-fertilised 
seedlings raised from the ciussed and self-fertilised })]ants on 
the last generation. Eleven pairs wore raised and grown in 
com]Kdition in the usual manner; and now the result was 
different, for the two lots were nearly equal during their whole 
grow th. It w*ould therefore be sni^erfluons to give a table of 
their heights. When fully growm and lucasuml, the crossed 
averaged 32 * 47, and the self-fertilised 32*81 inches in height; 
or as 100 to 101. There was no great difference in the nu3nl>er 
of flowers and capsules produced by the two lots when both 
were left freely exposed to the visits of insects. 

Fhfvf» raised from Brazilian Fritz Miiller sent me from 

South Brazil seeds of plants whicli w^ero there absolutely 
sterile when fertilised with pollen from the same plant, but 
were perfectly fertile when fertilised with pollen fi*om any 
other plant. The plants raised by mo in England from these 
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Reeds were examined by Professor Asa Gray, and pronounced 
to belong to K. califondmy with which they were identical in 
general api:>earance. Two of these plants were covered by a 
net, and were found not to he so completely self-sterile as in 
Brazil, But I shall recur to this subjtnd in another part of 
tliis work. Here it will suffice to state that ciglit flowers on 
these two plaids, fertilised with pollen from another ])lant 
under the not, produced eight fine capsules, each containing on 
an average about eiglity seeds. Eight flowers on these same 
plants, fertilis<xl with tlioir own pollen, pnxlnced seven capsules, 
which contained on an average only twelve seeds, witli a maxi- 
mum in one of sixteen seeds. Therefore the cross-fertilised 
capsules, <*omparcd with the self-fertilised, yielded se<xls in the 
ratio of about 100 to 15. These plants of Brazilian parentage 
differed also in a marked manner from the English jilaiits in 
pi’oducing extremely few spontaneously self-fertilised cajisules 
under a net. 

Cro.ssed and self-fertilist'd seeds from the above plants, after 
geminating on bare sand, wereplanh*d in pairs on the op]>osite 
sides of five largo pots. Tlie seedlings thus raiseil were the 
grandckildren of tlic plants which grew in Brazil ; the parents 
having Ik^ou grown in England. As the grand-parents in 
Brazil absolutely require cross-fertilisation in order to yield 
any seeds, I expected that self-fertilisation would have proved 
verj^ injurious to tho.se seedlings, and that the crossed ones 
would have l>ecn greatly 8ui>erior in height and vigoxir to 
those raised from self-fertilised flowcTS. But the result showed 
that my anticipation was erroneous; for as in the last experi- 
ment with }>lants of the English stock, so in the prest^nt one, 
the self fertilised plants exceeded the crossed by a little in 
height. It will l)e sutiieient to state that the fourt('(m crossed 
plants averaged 44*04, and the fourteen self-fertilised 45*12 
inches in height; or as 100 to 101. 

The Effects of a Cross with afresh — I now tri(,‘d a different 

exi)criment. Eight flowers on the 8clf-f<U’tiIised plants of the 
last cxp>eriment (i.e., grandchildren of the ] slants wliich gi’ew in 
Brazil) were again fertilised with jiolleh from the same ))lant, 
and produced five ca])su}cs, contain ijig on an av('rago 27*4 
seeds, with a maximum in one of forty-two seo/ls. The Kcodlings 
raised from tbese seeds formed the second setffh HIM generation 
of the Bmzilian stock. 

Eight flowers on one of the crossed plants of the last experi- 
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inont were crossed with pollen from another grandchild, and 
produced five capsules. These contained on an average 31*6 
seeds, with a maximum in one of forty-nine seeds. The seedlings 
raised from these seeds may be called the Inforcrossed. 

Lastly, eight other flowers on the crossed plants of the last 
experiment were fertilised with pollen from a plant of tb.e 
Ihjglish stock, growing in my garden, and which must have 
Ix^eu exposed during many previoos generations to very different 
conditions from tbosc^ to which the Brazilian progenitors of the 
mother-plant had boon subjected. These eight flowers produeed 
only four capsules, coutaining on an average G3'2 seeds, with a 
maximum in one of ninety. The. plants raised from these seeds 
may be called the lutf/Jish^crosM'd. As far as the above averages 
can he trusted from so few capsules, the Ihiglish-crossc^d capsules 
contained twice as many seeds as the intercrossed, and rather 
more than twice as many as the self-fertilised (^ap^^u)es. The 
plants which yielded these cjapsules were grown in pots in the 
greenhouse, so that their absolute proclnctiveness must not bt‘ 
compared with that of plants growing out of doors. 

The above three lots of seeds, viz., the self fertilised, inter- 
crossed, and English-crossed, were ])lanted in an e«jnal state of 
gta*minatiou (having bcM'U as usual sown on bare saiul) in niiu* 
large pots, each divided into three pxirts by supm-ficial partitions. 
Many of the; self-fertilised seeds germinated before those of the 
tw'o crossed lots, and those w'erc of cour.s(3 r(‘j(‘<‘t(id. The 
seedlings thus raiHul are the great-grandchildren of the plants 
which grew in Brazil. AVlicn they were from 2 to 4 inches 
in ludgbt, the tlirf'C lots wore ciiual. They were measured wbt'U 
four-fifths grown, and again when fully growii, and as their 
relative heights wore almost exactly the sixnie at these t\M> 
ages, I will give only the last moasurtiineiits. The average' 
height of the nineteen Kiiglish-erosstid plants was 45 ’92 inches; 
that of the eighteen intercrossed plants (for one died), 43’3S; 
and that (4 the nimdeen stdf-fiwtilised plants, 50 ‘3 inches. So 
that ^^e hav(3 the following ratios in height:—- 

Tlic English-crass(\l to the self-fertilised plants, as 10() to 109 
The English -crossed to the iiitenwossod plant.s, aw 100 to 94 
The .mU^rcrossed to the self- fertilised plants, as 100 to 116 

After tho socHl-cax>sulos had been gathercjd, all these plants 
were cut down close to the ground and weighed. The nineteen 
English-crossed plants weighed 18*25 ounces; the intercrossed 

I 
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plants (with tbeir weight calculated as if there had been nine- 
teen) weighed 18*2 ounces; and the nineteen self-fertilised 
plants. 21*5 ounces. We have therefore for the weights of the 
tlu’oe lots of plants the following ratios : — 

The English-crossed to the self-fertilised plants, as 100 to 118 

The English -crossed to the intercrossed plants, as 100 to 100 

The intercrossed to the self-fertilised plants, as 100 to 118 

We thus see that in weight, as in height, the self-fertilised 
plants had a decided advantage over the English-crossed and 
intercrossed plants. 

The remaining seeds of the three kinds, whether or not in a 
state of germination, were sown in throe long parallel rows in 
the open ground; and here again the self- fertilised seedlings 
exceeded in height by betw'i‘.en 2 and 3 inches the seedlings 
in the tw(^ other rows, which were of nearly ecjnal heiglits. The 
three rows were left unprotected throughout llie winter, and all 
the plants were killed, with the exception of two of the sclf- 
fortilised ; so that as far as this little bit of evidence goes, some 
of the self-fertilised plants were more hardy than any of the 
crossed plants of either lot. 

We thus see that the self-fertilised plants which were grown 
in the nine X)ots were supexior in height (as 116 to 100), and in 
weight (as 118 to 100), and apparently in Wdiness, to tlie inter- 
crossed plants derived from a cross between the grandchildren 
of the Brazilian stock. The superiority is here much more 
strongly marked than in the second trial with the plants of the 
English stock, in which tlie self-fertilised were to the crossed in 
height as 101 to 100. It is a far more remarkable fact — if we 
bear in mind the effects of crossing plants with pollen from a 
fresh stock in the cases of Ipomcea, Mimulus, Brassira, and 
Iberis— that the self- fertilised plants exceeded in heighi (as 1U9 
to 100), and in weight (as 118 to 100), the offspring of the 
Brazilian stock crossed by the Englisli stock; the two stocks 
having been long subjected to widely different conditions. 

If WG now turn to the fertility of the three lots of plants we 
find a very different result. I may premise that in five out of 
the nine pots the first plant which flowered was one of the English- 
crossed ; in four of the pots it was a self-fertilised plant; and in 
not one did an intercrossed plant flower first; so that these 
latter plants were beaten in this respect, as in so many other 
ways. The three closely adjoining rows of plants growing in 
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the open ground flowered profusely, and the flowers were inces- 
santly visited by bees, and certainly thus intercrossed. The 
manner in which several plants in the previous experiments 
continued to bo almost sterile as long as they were covered by a 
net, but set a multitude of capsules immediately that they were 
uncovered, proves how effectually the bees carry pollen from 
plant to plant. My gardener gathered, at three successive 
times, an equal number of ripe capsules from the plants of the 
tlirec lots, until he had collected forty-five from each lot. It is 
not possible to judge from external appearance whether or not a 
capsule contains any good seeds; so that I opened all the cap- 
sules. Of the forty-five from the English-crossed plants, four 
were empty; of those from the intercrossed, five were empty ; 
and of those from the self- fertilised, nine were empty. The 
seeds were counted in twenty-one capsules taken by chanc(^ out 
of each lot, and the average number of seeds in the capsules 
from the English-crossed plants was €7 ; from tlie intercrossed, 
C; and from the self-fertilised, 48*52. It therefore follows that 

Se<'<h. 

The forty-five capsules (the four empty ones in- 
cluded) from the English -(msse^d plants contained 2747 

The forty-five capsules (the five empty ones in- 
cluded) from the intercrossed plants contained . 2240 

The forty-five capsules (the nine empty ones in- 
cluded) from the self-fertilised plants contained . 1716 *7 

The reader should remember that these capsules are the pro- 
duct of cross-fertilisation, effccte<l by the bees; and that the 
difference in the numlx^r of the coiitained seeds must depend on 
the constitution of the plants ; — that is, on whether they w’cre 
derived from a cross witli a distinct stock, or from a cross 
between plants of the same stock, or from self fertilisation. 
From the above facts we obtain the following ratios : — 

Number of seeds contained in an equal number of naturally 
fertilised capsules produced — 

By the English-crossed and self-fertilised jdants, as 100 to 63 

By the English-crossed and intercrossed plants, as 100 to 81 

By the interexossod and self-fertilised plants, as 100 to 78 

But to have ascertained the productiveness of the three lots 
of plants, it would have been necessary to know how many 
capsules were produced by the same number of plants. The 

I 2 
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three long rows, however, were not of quite equal lengtlis, and 
the plants were much crowded, so that it would have been ex- 
tremely difficult to have ascei*tained how many capsules were 
produced by them, even if I had \^m willing to niid('rtake so 
laborious a task as to collect and count all the capsules. But 
this was feasible with the plants grown in })ot8 in the green- 
house; and although these Avere much less fertile than those 
growing out of doors, their relative fertility ai>pcarod, afhr cart;- 
fully observing them, to be the same. The niiictecii plants of 
the English-crossed stock in the pots produced uUog(‘thcr 210 
capsules; the intercrossed plants (calculated as nineteen) }»ro- 
ducetl 137*22 capsules; and the nineteen self-fertilised plants, 
152 capsules. Now', kiiowdug the number of seiuls contained in 
forty-five capsules of catdi lot. it is easy to cilculat(' the relative 
numl>ers <jf .seeds prxUie.ed by an equal nuaiber of the ])laiits of 
the three lots. 


Nnml>or of seeds producevl by an e^iiial number of naturally- 
ferrilifced plants. 




Plants of English-crossed and self-foitiliscd 

parentage as 100 to 40 

Plants of the Engliisli-croiised and intercrossed 
parentiig(! ....... as 100 to 45 

Plants of the intercrossctl and self- fertilised 
parentage ....... as 100 to 


The superiority in prxluctivenes.s of tlie intercrossed ])lnnts 
(that is, the product a cross between the grandchildren of the 
plants w'hich grew in Brazil) over tin; self- fertilised, small as it is, 
is wholly due to the larger aA'ernge nuujber of seeds contained in 
the capsules; for the intercTossed plants ])rodnccd few’er cap- 
sules in the greenhouse than did the Ncif- fertilised plants. The 
great superiority in prodnctivaniess of the Engli.sh-crossed over 
the fclf-fcTtilised phuita is shown by the larger number of 
capsules produco'ljtlie larger average number of contained seeds, 
and the smaller number of empty eapsules. As the Ihiglish- 
crossed and intercrossed plants wore the offspring of crosses in 
every previous generation (as must have iKion the case from the 
flowers being sterile with tlieir own pollen), we may conclude that 
the great superiority in productiveness of the English-crossed 
over the intercrossed plants is due to the two parents of the 
former having been long subjected to different conditions. 
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The English-crosHed plants, though so snporior in prodnctive- 
ness, were» as wo have seen, decidedly inferior in height and 
weight to the self-fertilised, and only equal to, or hardly superior 
to, the intercrossed plants. Therefore, the whole advantage of a 
cross with a distinct stock is here confined to productiveness, and 
1 have met with no similar case. 

VTII. UKSEDACE/E.— Rkseda lutea. 

Seeds collected from wild plants growing in this neighbour- 
hood were sown in the kitchen-garden ; and several of 
seedlings thus raised were covered with a net. Of these, some 
were found (as will hereafter be more fully described) to be 
absolutely sterile when left to fertilise themselves spontaneously, 
although plenty of pollen fell on their stigmas ; and they were 
equally sterile when artificially and repeatedly fertilised with 
their own pollen ; whilst otlier plants jjroduced a few spon- 
taneously 6elf-fertilis(id capsules. The remaining plants were 
left uncovered, and as i>ollcn was carried from plant to plant by 
the hive and humble- liees which incessantly visit the flowers, 
they produced an abundance of capsules. Of the neexjssity of 
pollen Ixjing carried from one plant to another, I had ample 
evidence in tbe case of this species end of //. odurafft ; for those 
plants, which sot no seeds or very few' as long as they were 
protected from insects, became loaded with capsules immediately 
that they were uncovered. 

Seeds from the flowers spontaneously self- fertilised under tlie 
net, and from flowers naturally crossed by the bees, were sown on 
o])posite sides of five large pots. The seedlings 'svere tliinned as 
soon as they appeared above ground, so that an e<iual number 
were left on the two sides. After a time the pots were plunged 
into the open ground. The same numl)er of plants of crossed 
an. I self- fertilised i)arcntage were measured nj) to t)io summits 
of their llowcr-stems, with the result given in the following 
table (XXXV.). Tlioso which did not produce flower-stems were 
not measured. 

The avcjrage height of the twenty-four cros>sed plants is here 
17’ 17 inches, and that of the same number of self-fertilised plants 
14*61; or as 100 to 85. Of the crossed plants all but five 
flowered, whilst several of tbe Bclf-fortih'sed did not do so. The 
alK)ve pairs, whilst still in flower, but with some capsules already 
formed, were afterwards cut down and weighed. The crossed 
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weighed 90*5 oimcos; and an equal number of Uie self-fertilised 
only 19 ounces, or as 100 to 21; and this is an astonishing 
diflfcrence. 

Table XXXV. 


luha, in pots. 


No. of Pf't. 

CroHsed Pljints. 

Sel f-fmil i8L-d . Plants, 


InclK'H. 

Incbf'S. 

I. 

2\ 

121 



10 


lOJ 




l‘'l 

191 

11, 


121 


I'ii 

Ifif 


2^1 

log 


I'l 

122 


20 g 

I'll 

III. 


1+1 



191 

i 


! 20J 

1 

10 i 


< 

10 

118 

IV, I 

22 ii : 

9 

i 

ly i 

III 


ISJ ; 

11 

! 

101 

10 

j 

m ! 

log 

V. 1 



US 

j 

22 1 

16 

! 


in 

1 

in i 

in 

Total in inches. | 

412-2.0 

350*88 


Seeds of the same two lots were also sown in two adjoining 
rows in the open ground. There were twenty crossed pljuits in 
the one row and tliirty-two self-fertilised plants hi the other 
row, so that the experiment was not quite fair; but not so uji- 
tair as it at first appeal’s, for the plants in the same row wt^re not 
crowded so much as seriously to interfere with each other's 
growth, and the ground was bare on the outside of botii rows. 
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These plants were better nourished than those in the pots and 
ji^rew to a greater height. The eight tallest plants in each row 
were measured in the same manner as before, with the following 
result : — 


Table XXXVL 

lieseila yrowvntj in the open ground. 


Crowed PlantH. 

Self-fertilised Plants. 

Inches. 

Ineh^'H. 

28 


27 jj 

2*j 

27 g 


28 S 

20 1 

29 i 



‘*2 



m 

‘-n 

224-75 I 

JSj-l.'t 


Tlie average heiglit of tlio crossed plants, whilst in full flower, 
was here 28 ‘09, and that of the self-fertilised 28*11 inches ; or ns 
100 h) 82. It is a singular fact that the tallest plant in the two 
rows, was one of the self-fertilised. The self-fertilised plants had 
smaller and paler green leave.? than tiie crossed. All the phints 
in the two rows were afterwards cut dowm and weighed. The 
twenty crossed plants 'weigheil 05 ounces, and twenty self-ferti- 
li.sed (by calculation from the actual weight of the thirty-two self- 
fertilised plants) ^veighed 26 * 25 ounces ; or as 100 to 40. Tbcre- 
Ibre the crossed plants did not exceed in weight the self-fertilipcd 
plants in nearly so greAt a degi’ee as those growing in tin* 
pots, owing probably to the latter having been subjected to more 
severe mutual competition. On the other hand, they exceeded 
the self-fertilised in height in a slightly greater degree. 

Reseda odoiiata. 

Plants of the common mignonette wore raised from purchased 
seed, and several of them were placed under separate nets. Of 
these some l)ecame loaded with spontaneously self-fertilised cap- 
sules ; others produced a few, and others not a single one. It 
must not be supposed that tliese latter plants produced uo seed 
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because tlieir stigmas di<.l not receive any ix)llon, for they were 
repeatedly fertilised with pollen from the same plant with no 
effect ; but they were periVn'.tly fertile with pollen from any other 
plant. Six)iitaneously self-fertilised seeds were saved from one 
of the highly self-fertile plants, and other seeds were collected 
from the plants growing outside the nets, wliich bad been 
crossed by the Ixjes. These seeds after germinating on sand 
w’ere planted in pairs on the opposite sides of five pots. The 
plants were trained up sticks, and measured to the summits of 
their leafy stems— the flower-stems not being included. We hero 
have the re^^ult ; — 


Table XXXYII. 

BeF,€(ki Ofk)7'afa (mUfiif/a from a htyhly Self 'fertile Ploiit). 


No. of l*ot. 

Cro'isofl Plants, 

Sklf-fcrtUisod Plants. 


J ndiO'. 

Inchcii. 

I. 

■-'"j 

22 j 


••Mi 

28,^ 



-■n 



:»cH 

II. 

r-Al 

28’ 



1)0^ 


US 

2;{ 


30 i 

HDj 

III. 

171 

H 


27 

25 


.•>1)3 



■M'i 

253 

IV. 

' '-’i-i ! 

225 


i j 

1 •>*; 5 ' 

2.-. 3 


: ? i 

1 a-.'ij 

24 8 

V. 

21 



25 i 



261 

10 ‘ 

Total in inohes. 

j .522*25 

428-50 


The average height of the nineteen crossed plants is hero 
27 '48, and that of the nineteen self-fertilised 22*5r) incJies ; or as 
100 to 82. All these plants were cut down in the early autumn 
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and weighed : the crossed weighed 11 * 5 ounces, and the self- 
fertilised 7*76 ounces, or as 100 to 67. These two lots liaving 
been left freely exix>sed to tlie visits of insects, did not present 
any ditference to the eye in the number of seed-capsules wliich 
they produccKi. 

The remainder of the same two lots of seeds were sown in twf) 
adjoining rows in the o];>en ground ; so that the plants were ex- 
posed to only moderate competition. The eight tallest on each 
side were measured, as shown in the follf)wing table : — 


Table XXXA^IJI. 


Ixt'Hi'ifa odoviita, yroiriug in the open ground. 


Pluntis. 

1 Selt-ft'rtili'*ed Plants. 


i ilU’ll'S. 


i 

i 


24 

1 25 


i 

2."* 

1 

2*;« 

! 


i 207 

H 

1 28 1 

LMm-13 

i 21».i*75 


The average height of the eight crossed ])lanis is 25*76, and 
]i£it of tlie eight Hcir-fertilistxi 27*09 ; or as 100 to 105. 

^Vo hero have the anomalous result of the self-fertilised plants 
h(iing a little taller than the crossed ; of which fact I can offer 
no eXphinaticn. It is of course possible, but not probable, that 
the lalKds may ha>i! b(;on inU'rchanged by accident. 

Another experiment W'as now tried : all the self-fertilised 
capsules, tliough very few' in number, Avere gathered from one of 
the semi-self-sterile plants under a net ; and as several flowers on 
this same plant had been fertilised with pollen from a distinct 
individual, crossed seeds wcj*e tlms obtained. I expo(ded that the 
seedlings from this semi-st'-lf-sterilo plant would have profited 
in a higlier degree from a cross, than did the seedlings from 
tlio fully self-fertile plants. But luy auticii)ation was quite wrong, 
for they profited in a loss degree. An analogous result followed in 
the case of Eschscholtzia, in Arhich the offspring of the plants of 
Brazilian parentage (which wore partially self-sterile) did not 
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profit more from a cross, than did the plants of the far more 
selMertile English stock. The al)Ove two lots of crossed and 
self-fertilised seeds from tlie same plant of JReaeda odorafa, after 
germinating on sand, were planted on opix)site sides of five pots, 
and measured as in the last case, with the following result : — 

Table XXXIX. 


Reseda odomta (seedluKjs from a Hemi-self-sterih Flantf 


No. of Pot. 

Crossttl PlanM. 

; Self-fertilised Phnits. 


Inches, 

} Inches. 

I. 


! 31 



28 


29 1 

1 131 


20 

32 

II. 

22 

218 


33 J 

2«S 


31 J 



.321 

3'' 8 

HI. 


' 175 


32 j 


1 

.311 

i 24 1 

! 

328 

: 34 1 

IV. 


201 


30i 

32 g 


24 i 

31 1 


31*8 

31, ! 8 

V. 

345 1 

37| 1 

31 1 1 

33 I 

241 

34^ 

22 g 

1 37 1 

Total in inches. | 

1 

599*75 

j 5.54*25 


The average height of the twenty crossed plants is liore 29*98, 
and that of the twenty self-fertilised 27*71 inches; or as 100 to 
92. Those plants were then cut down and weighed ; and tlie 
crossed in this case exceeded the self-fertilised in weight by a mere 
trifle, viz., in the ratio of 100 to 99. The two lots, left freely 
exposed to insects, soemed to be equally fertile. 

The remainder of the seed was sown in two adjoining rows in 
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the open ground ; and the eight tallest plants in each row were 
measured, witli the following result : — 

Table XL. 

lleseda odorata (seedlings from a sem/^Helf-sterile Plarit, planted 
in the open ground). 


CroRse<l Plants. 

Self-fertilised Plants. 

Inches. 

28 g 

22} 

2;>J 

25} 

20 1 1 

27} i 

22} 

26} 

Inches. 

22} 

24} 

23} 

21 1 

' 22 j 

! 27^ 

1 27J 

1 19? 

Total in ) . 

inches, f do 

1 188';i8 


The average height of the eight crossed plants is here 25*92, 
and that of vno eight self-fertilised plants 28*54: inches; or as 
100 to 90. 


IX. TIOLACP:iB.-~VlOLA TIUCOLOK. 

Whilst the flow'crs of the common cultivated heartsease are 
young, the anthers shod their pollen into a little semi-cylin- 
drical passage, formed by the basal portion of the lower petal, 
and surrounded by papilla). The pollen thus collected lies 
close beneath the stigma, but can seldom gain ac(*es8 into its 
cavity, except by the aid of insects, which pass their proboscides 
doum this passage into the nectary.* Consequently wlien 1 
covered up a large plant of a cultivated variety, it st't only 
eighteen capsules, and most of these contained very few good 
seeds — several from only one to throe ; whereas an equally fine 


* The flowers of this plant 
have been fully deserilM^d by 
^preugel, Hildebrand, Delpino, 
and H.MuHer. The latter author 
sums up all the previous ohs^jr- 
vations in hk * lit iVuclitiing dor 
Bbunen/ and in ‘Nature,^ Nov. 
20, 1873, p, 44. also Mr. A. W. 


Bennett, in ‘Nature.* May 15, 
1873. p. 50; and some remarks 
by Mr. Kitchener, ibid, j), 143. 
The facts whu'-h follow on tlio 
efl'cKita of covering up a plant 
of V. triroloT have been quoted 
by Bir J, LiibWk in his ‘ British 
■Wiki Flowers,* &o. p. 62. 
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nncoverGd plant of the same variety, growing cIorc by, produced 
105 fine capsules. The few flowers which ]irodnce capsules when 
insects are excluded, areperha]is ftirtilised by the curling inwards 
of tlie petals as they wither, for by this moans pollen- grains 
adhering to the papillae might be inserted into the cavity of the 
stigma. But it is more probable that their fertilisation is oflcctcd, 
as Mr. Bennett suggests, by Thrips and certain minute l)eotles 
which haunt the flowers, and which cannot be excluded by any 
net. Humble- l>ees arc the usual fertilisers ; but I havt^ more than 
once seen flies {Uhuujin rostral*) at work, with the undtT sides of 
their Inxlics, heads and legs dusted with jxfllen; and having 
marked the flowers which they visited, I found them after a few 
days fertilised.* It is curious for how long a time the flowers of 
the heartsease and of some other plants may bo watched without 
an insect being seen to visit them. During the summer of 1841, 1 
observed many times daily for more than a fortniglit some large 
clumps of heartsease gr(.)wing in my gaidcu, iKifore, 1 saw a single 
humble-beoat work. During another summer I did the same, hut 
at last saw some dark-eolonred luimble-bees visiting on thi*eo suc- 
cessive days almost every flower in several clum]>.s ; and almost 
all these flowers quickly withered and produced fine cai)sule8. 
I ])resume that a certain state of the atmos]>Iiere is necessary 
for the secretion of ntrtar, and that as soon as this occurs the 
insects discover the fact by the odour emitted, and immediately 
frequent the flowTrs. 

As the flowers re(iuire the aid of insects for their complete 


♦ I Bhonld add that this fly 
apparently did nt)t suck the nec- 
tar, but was attf acted by the pa- 
pillsB which surround the stisrina, 
il. Muller also saw a siuall Ix'e, an 
Audrena, which could not reach 
the nectar, repeatedly inserting 
its proboscis beneath the stigrnn, 
where the papilla^, are situated; 
so that th<^e papilhe must be in 
some way attractive to insects. A 
writer a.sserts (‘Zoologist/ voh 
iii.-iv. p. 1225) that a nndh 
(Plusia) frequently visits the 
flowers of the fiansy. Hive-bees 
do not orrJinurily visit them, hut 
a eiise lias bee»i record*:d (‘Gar- 
deners’ Chronicle/ 1844, p. 371) 


of these bees doing so. H. Muller 
hMH also Keen the hive-bc‘e at work, 
bill only on the wild smnll- 
flfiwered form. He gives a list 
(/Nature/ J 873, p. 4.^ of all the 
insects which he has seen visiting 
both the large and small-flowered 
forms. From his account, I 
pect that the floweis of plants in 
a state of nature are visited morii 
frequently by iusec^ts than those 
of the cultivated varieties. He 
hiifl seen Hcveral butterflies suck- 
ing the flowers of wild plants, 
and this I iiave nev(3r observed in 
gardens, though I have watched 
the flowers during many years. 
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fertilisation, and as tlicy are not visited by insects nearly so often 
as most other noctar-secreting flowers, we can understand the 
remarkable fact discovered by H. Miillcr and describ€*d by him 
in ' Nature,' namely, that this si^itnos exists under two forms. 
One of those bears conspicuous flowers, wiiich, as w'o have seen, 
rc<iuire the aid of inseeis, and are adapted to.be cross-fer- 
tilised b.y them ; whilst the other form has much smaller and 
l(vss cons])ieuously coloured flowers, which are constructed on a 
slightly different plan, favouring self-fertilisation, and are thus 
a/lapted to ensure the proj>agation of the Hj>ecie.s. The self- 
form, hawev(*r, is occasionally visited, and may be crossed 
by insects, though this is rather doubtful. 

Ill my first experiments on tricolor T was unsuccessful in 

reusing mh iI lings, and obtained only one full-grown crossed and 
self-fertilised plant. The former was 12] iiiehes and the latter 8 
indies in h<‘ight. On tlie following year wveral flowers on a 
fresli plant ^\('re crossed with ])(>llon from another plant, wliieli 
was kno^n to b(‘ a distinct se<‘dling; and to this ^loint it is im- 
})ortaut to att('iul. Several other flowers on tlie same plant 
were fertilised with their own ]K)llen. Tlie average number 
of s<*eds in the ton crossed capsules was 18*7, and in the twelve 
self- fertilised capsules 12 ‘83; or as li)U to 01). These seeds, 
after germinating on ban* sand, wt*re jilanted in pairs on the 
opposite sides of live pots. They were first measured when 
about a ttiird of their full size, and the crossed plants then 
averageil 3 '87 inches, and ihe self-lertilisoil only 2*00 inelics in 
height; or as 100 to 52, Tln^y were kejit iu tlie greenhouse, and 
(lid not grow vigorously. Whilst in flower they were again 
measuv(*d to the summits of their stems (.see Table XLI.), with 
tlie follow ing result - 

The average Inaglit of tlic fourteen crossed plants is hero 5 ‘58 
indies, and that of the fourteen self-fertilised 2*37; or as 100 to 
12. In four out of tlu‘ tivo ]>ots, a crossed plant flowered heforo 
any one of the self-ffu’liiistHl ; as likewise (xamrred with the pair 
raised during the previous year. These }>lauts without l>eing 
disturbed w'cro now turned out of their })ots and jflanted in the 
of>eii ground, so as to form live separate clum})s. Karly in the 
following summer (1800) they flowered profusely, and Uu’ng 
visited by humbled’Kxvs set many capsules, which were carefully 
colli'cted from all tlie plants on l)ol)i sides. The crosstxl jdants 
prcxliiced 107 capsules, and the self- fertilised only 17 ; or as 
100 to 10. So that the crossed jilants were more, than twice the 
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height of the self-fertilised, generally flowered first, and produced 
ten times as many naturally fertilised capsules. 

Table XLI 
Viola tricolor. 


No. of Pot. 

Crossed Plants. 

1 Self-fertilised Plants. 


Inches. 

i 

1 Inches. 

1. 

H 

i <’3 


i 



5 

i V' - 

11. 

.»> 

1 ^ 


4 

i 4 



■n 

III. 




H 

: ‘i 


H 

! ^3 

IV. i 


i 

1 

n 

' 18 


4 

; 

V. i 

6 

i ■■ M 

1 _ 


i M 

Total in iuches. 

78-13 

33 • 33 


By the early part of the summer of 1870 the crossed plants in 
all the fiye clumps had grown and spread so much more than 
the self-fertilised, that any comparison between them was 
su]>erfluous. The crossed plants w(;re covered with a sheet of 
bloom, whilst only a single self-fertilised plant, which was nindi 
finer than any of its brethren, flowered. The crossed and self- 
fertilised plants had now' grown all matted together on the 
respective sides of the su]Xirficial partitions still separating them ; 
and in the clump which included the finest self-fertilised plant, 
I estimated that the surface covered by the crossed plants was 
about nine times as large os that covered by tlie self-fertilised 
plants. The extraordinary superiority of the crosscid over the 
self-fertilised plants in all five clumjis, was no doubt due to 
the crossed plants at first having had a decided advantage over 
the self-fertilised, and then robbing them more and more of their 
fxKi during the succeeding seasons. But we sliould remember 
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that tho same result would follow in a state of nature even to a 
greater degree; for my plants grew in ground kept clear of 
weeds, so that the self-fertilised had to compete only with the 
crossed plants; whereas tho whole surface of the ground is 
naturally covered with various kinds of plants, all of which 
have to struggle together for existence. 

The ensuing winter was very severe, and in the following 
spring (1871) the plants wore again examined. All the self- 
fertilised wert^ now dead, with the exception of a single branch cm 
one plant, wliich bore on its summit a minute rosette of leaves 
about as largo as a pea. On the other hand, all the cros.sed 
plants without exception were growing vigorously. So that the 
self-fertilised plants, besides their inferiority in other respects, 
wore more tender. 

Another oxi)eriment was now tried for the sake of asceitaining 
how fiir the superiority of the crossed plants, or to speak more 
correctly, tho inferiority of tho self-fertilised ])lantR, w’ouUi 
transmitted to tlteir ofispring. The one crossed and one self- 
fertilised plant, whicli w^ere first raised, had In'cn turned out of 
their ])ot and ]»1 an ted in the open ground. Both ]>rodnctd an 
abundance of very tine capsules, from w^hich fact we may stifoly 
conclude that tliey had been cross-fertilised by insects. Seeds 
from both, after gC3rminating on sand, were planted in pairs on 
tlie opi)osito sides of three pots. The naturally crossed seedlings 

Table XLII. 

Viola tricolor: seedlinys from crohSHl awl Btlf-ferlilistd Plants, the 
parents of hoik sets haviufj biev left to he naturally featiUsed, 



, Njitunvlly crossed 

Naturally cross'd 

No. jf I’ot. 

riauls tVoui artili- 

Irom stdf- 


; cially crusBt*d Biaiits. 

ft-rtiiisi-d eiauts. 


\ ijichos. 

Indies. 

I. 

i 12 i, 

&§ 


1 nf 


11. 

! m 

H 


1 


III. 

i i+i 

! I’s 


1 1^8 

i 113 

Tot^l in inches. 

' 75-38 

(Jrs8 
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ilerivod from tlio crossed plants flowered in all tliree before 
the natunilly crossed seedlings derived from the self-fertilised 
plants. When l)oth lots were in full flower, tlie two tallest 
plants on each side of each pot were measured, and the result 
is shown in tlte preceding table. 

The average heiglit of the six tallest plants deriviid from the 
crossed plants is 12 ‘oG inches; and that of the six tallcjst plants 
derived from the self-fertilised plaiits is 10' 31 indies; or as 
KX) to 82. We here see a considerahlo dilferoiiee in height 
l)etween the two sets, though very far from equalling that in tlm 
previous trials between the offspring from erosse<l and self- 
fertilised flowers. This difference must 1 k) attrihuted to the 
latter set of plants liaving inhtuHied a weak eonstitutioii from 
their parents, the offs])ring of self-fortili.'^tHl flowers; notwith- 
standing that the ]){irents themselves had been freely inter- 
orossed with other plants by the aid of insects. 

X. RAXUNCULACE.E.~~AnoNis iESTivAias. 

The results of my exfieriments on this plant are hardly worth 
giving, as I nanark in my notes made at tiie time, ‘‘seedlings, 
from someunkiioNvn cause, all mi.serahly nnliealthy.’^ Nor did they 
ever K'come healthy; yet I feel bound to give tlui ju-eseiit case, 
as it is o])(»osed io the general rcRult.s at whidi I Inu'e arrivt'd. 
Fifteeii flowers were crossed and all pnxlueed fruit, containing 
on fill average 32 • 5 seeds ; nineteen flowers wen; fertilLsed with 
tlu'ir own jxjllcn, and tliey likewise all yielded fruit, containing 
a rather larger avurfige of 31*5 .seeds ; or as lUO to lOG. Seedlings 
were raised from thescj seeds. In on(‘ of the pots all the .si'lf- 
fertilised plants died wliilsi quite young; in the two others, the 
measurements were as follows : 

Table XLIII. 
d» >!( h n'iit ion I is, 

X<>, ofTot, ! CroHsed Pliinta. , Sr lf-imUirnd Plfiiit-', 


lnchi‘8. 


14 


I-S 


lO 

l.Vf 

Ktjj 

15 

r.T-oo 

57 '2i 


Total in inches. 
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The average height of the four croseod plants is 14^25, and 
that of the four self-fertilised plants 14" 81; or as 100 to 100*4; 
BO that they were in fact of equal height According to Professor 
H. Hoffmann,* this plant is proterandrous ; nevertheless it yields 
plenty of see^ when protected from insects, 

DBLPHINItrM CONSOUDA. 

It has been said in the case of this plant, as of so many 
others, that the flowers are fertilised in the bud, and that 
distinct plants or varieties can never naturally intercross.t But 
this is an error, as wo may infer, firstly from the flowers being 
proterandrous, — the mature stamens bending up, one after the 
other, into the passage wlucb leads to the nectary, and afterwards 
the mature pistils bending in the same direction; secondly, from 
the number of humble-bees which visit the flowers X ; and thirdly, 
from the greater fertility of the flo'wers when crossed with pollen 
from a distinct plant than when spoubmeously self-fertilised. In 
the year 1863 I enclosed a largo branch in a net, and crossed five 
flowers with ixjllen from a distinct plant ; these yielded capsules 
containing on an average 35*2 very fine seeds, with a maximum of 
forty-two in one capsiile. Thirty-two other flowers on the same 
branch produced twentj'-cight sjwntaneously self-fertilised cap- 
sules, containing on an average 17*2 seeds, with a maximum in 
one of thirty-six seeds. But six of these capsules were very poor, 
yielding only from one to five seeds; if these are excluded, the 
remaining twenty-two capsules give an average of 20*9 seeds, 
though many of these seeds were small. The fairest ratio, 
therefore, for the number of seeds produced by a cross and by 
spontaneous self-fertilisation is as 100 to 59. The.se seeds were 
not sown, as I had too many other experiments in progress. 

In the summer of 1867, which was a very unfavourable one, 
I again crossed several flowers under a net with pollen from a 
distinct plant, and fertilised other flowers on the same plant with 
their own pollen. The former yielded a much larger proportion 
of capsules than the latter; and many of the seeds in the sell- 
fertilised capsules, though numerous, were so poor that an equal 
number of seeds from the crossed and self-fertilised capsules 


.* ‘Zur Speoiesfirage,* 1875, X Their structure is <lescril»ed 
P* 11. by H. MuUcr, ‘ Befruchtung/ Ac., 

T Decaisue, * Comptes-Bcudus,* p. 122. 

July, I8#j3, p. 5, 

K 
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were in weight as 100 to 45. The two lots were allowed to 
genninate oh sand, and pairs were planted on the opposite sides 
of four pots. When nearly two-thirds grown they were 
measured, as shown in the following table : — 


Table XLIV. 
Delphinium vonsolida. ^ 


No. of Pot. 

1 Crossed Plants. 

Self-fertilised Plants. 


‘ Inches. 

Inches. 

I, 

1 11 

i 11 

11. 

i 19 

Ifig 


16i 


III. 

i 26 

1 

22 

IV. 

I 

I 8E 


1 8 

; 

i 

Total in inches, 

1 

89-75 j 

1 : 

6 


The six crossed plants here average 14 *95, and the six self- 
fertilised 12*50 inches in height; or as 100 to 84. W’hen fully 
gi’own they were again measured, but from want of time only a 
single plant on each side was measured ; so that I have thought 
it best to give the earlier measurements. At the later period 
the three tallest crossed plants still exceeded considerably in 
height the three tallest self-fertilised, but not in quite so great 
a degree as before. The pots were left uncovered in the green- 
house, but whether the flowers were intercrossed by bees or self- 
fertilised I do not know. The six crossed plants produced 282 
mature and immature capsules, whilst the six self-fertilised 
plants produced only 159 ; or as 100 to 56. So that the crossed 
plant® were very much more productive than the self-fertilised. 

XL CABYOPHYLLACTLffi.~-Vi8CABiA oculata. 

Twelve flowers were crossed with pollen from another plant, 
and yielded ten capsules, containing by weight 6*77 grains of 
seeds. Eighteen flowers were fertilised with their own pollen 
and yielded twelve capsules, containing by weight 2*63 groins. 
Therefore the seeds from an equal number of crofssed and self- 
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fertilised flowers would haye been in weight as 100 to 38. I had 
previously selected a medium-sized capsule from each lot, and 
counted the seeds in both ; the crossed one contained 284, and 
the self-fertilised one 126 seeds ; or as 100 to 44. These seeds 
were sown on opposite sides of three pots, and several seedlings 
raised; but only the tallest flower-stem of one plant on each 
side was measured. The three on the crossed side averaged 32 * 6 
inches, and the three on the self-fertilised side 34 inches in 
height; or as 100 to 104. But this trial was on much too small 
a settle to l)e trusted ; the plants also grew so unequally that 
one of tlie three flower -stems on the crossed plants was very 
nearly twic.e as tall as that on one of the others ; and one of 
the three flower-stems on the self-fertilisod plants exceeded in 
an equal degree one of the others. 

In the following year the experiment was repeated on a larger 
scale: ten flowers were crossed on a new set of plants and 
yielded ten capsules containing by weight 6*54 grains of seed. 
Eighteen spontaneously self-fertilised capsules were gathered, 
of which two contained no seed ; the other sixteen contained by 
weight 6*07 grains of seed. Therefore the weight of seed from 
an equal number of crossed and si>ontaneonsly self-fertilised 
flowers (instead of artificially fertilised as in the previous case) 
was as 100 to 58. 

The seeds after germinating on sand were jdanted in pairs on 
the opj^osito sides of four pots, with all the remaining seeds sown 
crowded in the op]X)site sides of a fifth pot ; in this latter ]>ot 
only the tallest i>lant on each side was measured. Until the 
seedlings had grown about 5 inches in height no dififei*enc(i 
could 1)6 perceived in the two lots. Botli lots flowered at nearly 
the same time. When they had almost done flowering, tlie 
tallest flower-stem on each jflant was measured, as shown in the 
following table (XLV.). 

The fifteen crossed plants here average 34*5, and the fifteen 
self-fertilised 33*55 inches in height; or as 100 to 97. So that 
the excess of height of the crossed plants is quite insignificant. I n 
productiveness, however, the difierence was much more plainly 
marked. All the capsules were gathered from both lots of plants 
(except from the^rowded and unproductive ones in Pot V.), and 
at the close of the season the few remaining flowers were added 
in. The fourteen crossed plants ]>roduced 881, whilst the four- 
teen self-fertilised plants produced only 293 capsules and flowei's, 
or as 100 to 77. 
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Table XLT. 

VUcaria oculata. 


No. of Pot. 

Grossed Plants. 

Self-fertlUsed Plants. 


Inches. • 

Inches. 

I. 

19 

32 g 


33 

38 


41 

38 


41 

28J 

II. 

37 j 

36 



32 j 


38 

35g 

IIL 

44J 

36 


39J 

205 

i 

39 

30 1 

IV. ' 

30 1 i 

36 

I 

31 

39 


33 j 

29 


24 

38 j 

V. ' 

30j 

32 

Crowded. 

1 


Total in inches. | 

i 

517-63 j 

503-38 


DiANTIIUS CAIlTOPHYLLUa 

The comiKon carnation is strongly protcrandrous, and th('re- 
fore depends to a large extent upon insecte for fertilisation, I 
have seen only humble-bees visiting the flowers, but I dare my 
otlier insects likewise do so. It is notorious that if pure seed is 
desired, the greatest care is necessary * to prevent the varieties 
which grow in the same garden from intercrossing. The ix)Ueu 
is generally shed and lost before the two stigmas in the same 
flower diverge and are ready to be fertilised. I was theieforo 
often forced to use for self-fertilisation pollen from the same 
plant instead of from the same flower. But on two occ^ions, 
when I attended to this point, I was not able to detect any 
marked difference in the number of seeds produced by these two 
forms of self-fertilisation. 


* Gardeners' Chronicle/ 1847, p. 268 
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Several single-flowered camations were planted in good soil, 
and were all covered with a net. Eight flowers were crossed 
with pollen from a distinct plant and yielded six capsules? 
containing on an average 88*6 seeds, with a maximum in one of 
112 seeds. Eight other flowers were self-fertib'sed in the 
manner above described, and yielded seven capsules containing 
on an average 82 seeds, with a maximum in one of 112 seeds. 
So that there was very little difference in the number of seeds 
produced by cross-fertilisation and self-fertilisation, viz., as 
100 to 92. As these plants were covered by a net, they pro- 
duced spontaneously only a few capsules containing any seeds, 
and these few may perhaps l>e attributed to the action of 
Thrips and other minute insects which haunt the flowers. A 
large majority of the spontaneously self-fertilised caimles pro- 
duced by several plants contained no seeds, or only a single one. 
Excluding these latter capsules, I counted tlie seeds in eighteen 
of the finest ones, and these contained on an average 18 eecds. 
One of the plants was spontaneously self-fertile in a higher degrcxj 
than any of the others. On another occasion a single covered-uj) 
jflant i)roducod spontaneously eighteen ca])sules, but only two of 
these contained any seed, namely 10 and 15. 

Vi'osied and sclf-furtUiaed Plants of the First Generation, — The 
many seeds obtained from the alx)ve crossed and artificially 
solf-fertiltsed flowers were sown out of doors, and two large beds 
of seedlings, closely adjoining one anotlier, thus raised. This 
was the first plant on which I exjxirimented, and I had not 
then formed any regular scheme of operation. When the tw^o 
lots were in full flower, I measured roughly a large number of 
plants, hut record only that the crossed were on an average 
fully 4 inches taller than the self-fertilised. Judging from 
subsequent measiirements, we may assume that the crossed 
plants were about 28 inches, and the self-fertilised about 
24 inches in height; and this will give us a ratio of 100 to 
86. Out of a large numl>er of plants, four of the crossed ones 
flowered before any one of the self-fertilised plants. 

Thirty flowers on these crossed plants of the first generation 
were again crossed with pollen from a distinct plant of the same 
lot, and yielded twenty-nine capsules, containing on an average 
65*62 se^s, with a maximum in one of 110 seei. 

Thirty flowers on the self-fertilised plants were again self- 
fertilised ; eight of them w-ith pollen from the same flower, and 
the remainder with pollen from another flower on the same 
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plant ; and these produced twenty-two capsules, containing on an 
average 35*95 seeds, with a maximum in one of 61 seeds. We 
thus see, judging hy the number of seeds per capsule, that the 
crossed plante again crossed were more productive than the 
self-fertilised again self-tertilised, in the ratio of 100 to 65. 
Both the crossed and self-fertilised plants, from having grown 
much crowdt3d in the two l)eds, produced less fine caj)sules and 
fewer seeds than did their parents. 

Crossed and self-feriilhed Plants of the Second Generation, — The 
crossed and self-fertilised seeds from the crossed and self-fertilised 
plants of the last generation were sown on opposite sides of two 
pots ; but the seedlings were not thinned enough, so that both lots 
grew verj’^ irregularly, and most of the self-fertilised plants after 
a time died from being smothered. My measurements were, 
therefore, very incomplete. From the first the crossed seedlings 
appeared the finest, and w hen they were on an average, by esti- 
mation, 5 inches high, the self-fertilised plants were only 4 
inches. In both pots the crossed plants flowered first. Tlie two 
tallest flower-stems on tljo crossed plants in the two pots were 
17 and 16| inches in height ; and the two tallest flower-stems 
on the self-fertilised plants 101 and 9 inches; so that their 
heights were as 100 to 58. But this ratio, deduced from only 
two pairs, obviously is not in the least trustworthy, and would 
not have been given had it not been otherwise supported. I 
state in my notes that the crossed plants were very much more 
luxuriant than their opponents, and seemed to be twice as 
bulky. This latter estimate may be believed from the ascertained 
weights of the two lots in the next generation. Some flowers 
on these crossed plants were again crossed with pollen from 
another plant of the same lot, and some flowers on the self- 
fertilised plants again self-fertilised; and from the seeds thus 
obtained the plants of the next generation were raised. 

Crossed and self-fertilised Plants of the Third Generation, — The 
seeds just alluded to were allowed to germinate on bare sand, 
and were planted in pairs on the opposite sides of four pots. 
When the seedlings were in full flower, the tallest stem on each 
plant was measured to the base of the calyx. The measurements 
are ^ven in the following table (XLVI.). In Pot I. the crossed 
and self-fertilised plants flowered at the same time ; but in the 
other three pots the crossed flowered first. These latter plants 
also continued flowering much later in the autunm than the 
self-fertilised. 
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Table XLVI. 


Diunthus caryophyllus {Third Gmeratiort). 


No, of Tot. 

Crossed Plants. 

Self'ferUIiaed Plants. 

I. 

Inchc'H. 

28 § 

. 273 

Inches. 

30 

26 

n. 

29 

293 

30 i 

27 1 

IIL 

i 

31S 



24^ 

IV. 

1 ! 

i 27 1 

30 


1 33^ 

1 1 

25 

Total ia inches. 

1 227*13 

i 

225 75 


The average height of the eight crossed plants is here 28*39 
inches, and of the eight self-fertiliRed 28*21; or as 100 to 99. 
So tliat there was no difference in height worth speaking of* 
but in general vigour and luxuriance there was an astonishing 
difference, as shown by their weights. After the seed-capsules 
had been gathered, the eight crossed and the eight self-fertilised 
plants were cut down and weighed; the foniier Weighed 43 
ounces, and the latter only 21 ounces ; or as 100 to 49. 

These plants wore all kept under a net, so that the capstQes 
which they produced must have l)een all spontaneously self- 
fertilised. The eight crossed plants produced twenty-one such 
capsules, of whicli only twelve contained any seed, averaging 
8*5 per capsule. On the other hand, the eight self-fertilised 
plants produced no less than thirty-six capsules, of ’which I 
examined twenty-five, and, with the exception of tliree, all 
contained seeds, averaging 10*63 seeds per capsule. Thus the 
proportional number of seeds per capsule produced by the plants 
of crossed origin to those produced by the plants of self^fertilised 
origin (both lots being spontaneously self-fertilised) was as 100 
to 125, This anomalous result is probably duo to some of the 
self-fertilised plants having varied so as to mature their pbllen 
and stigmas more nearly at the same time than is proper to 
the species ; and we have already seen tlmt some plants in the 
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first experiment differed from the others in, being slightly more 
self-fertile* 

The Effects of a Cross with a fresh Stock , — Twenty fiowers on the 
self-fertilised plants of the last or third generation, in Table XLVI., 
were fertilised with their own pollen, but taken from other 
flowers on the same plants. These produced fifteen capsules, 
which contained (omitting two with only throe and six seeds) 
on an average 47*23 seeds, with a maximum of seventy in one. 
The self-fertilised capsules from the self-fertilised plants of the 
first generation yielded the much lower average of 35 * 95 seeds ; 
but as these latter plants grew extremely crowded, nothing can 
be inferred with respect to this difference in their self-fertility. 
The seedlings raised from the above seeds constitute tlie plants 
of the fourth self-fciiiliscd generation in the following table 
(XLVII.). 

Twelve flowers on the same plants of the third self-fertilised 
generation, in Table XLVI.* were crossed with pollen from the 
crossed plants in the same table. These crossed plants had been 
intercrossed for the three previous generations; and many of 
them, no doubt, were more or less closely inter-rolatod, but not 
so closely as in some of the experiments with other species ; for 
several carnation plants had l>oen nused and crossed in the 
earlier generations. They were not related, or only in a distant 
degree, to the self-fertilised plants. The parents of both the 
self-fertilised and crossed plants had l)een subjected as nearly 
as possible the same conditions during the three previous genera- 
tions. The above twelve flowers produced ten capsules, contain- 
ing on an average 48*66 seeds, with a maximum in one of 
seventy-two seeds. The plants raised from these seeds may be 
called the intercrossert. 

Lastly, twelve flowers on the same self-fertilised plants of the 
third generation were crossed with ix>llon from plants which 
had been raised from seeds purchased in London. It is almost 
certain that the plants which produced these seeds had grown 
under very different conditions to those to which my self- 
fertilised and cretesed plants had been subjected ; and they were 
in no degree related. The above twelve flowers thus crossed 
all produced capsules, but these contained the low average of 
37*41 seeds per capsule, with a maximum in one of sixty- four 
seeds. It is surprising that this cross with a fresh stock did not 
give a much higher average number of seeds ; for, as we shall 
immediately see, the plants raised from these seeds, which may 
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be called the Jjmdon-crowed^ benefited greatly by the cross, both 
in growth and fertility. 

The alx)ve three lots of seeds were allowed to germinate on 
bare sand. Many of the London-crossed germinated before the 
others, and were rejected ; and many of the intercrossed later 
than those of the other two lots. The seeds after thns germina- 
ting were planted in ton pots, made tripartite by superficial 

Table XLVII. 


Dianthm ts>%ryophyllu8^ 


No. of Pot. 

London-crowed 

PlantH. 

IntercroMscd Plants. 

Self-fertilised 

Plants. 


Iiichee, 

Inches. 

Inches. 

I. 

39 i 

25 J 

291 


30 1 

21|i 

4 - 

n. 

361 


22 J 


0 


4 - 

in. 

28 1 

30 1 



+ 

234 


IV. 

33 1 

33 J 

30 


28i 

32 

24} 

V, 

28 

344 

4 - 


0 

241 

4 - 

VI. 

32J 

1 245 

1 26 

30} 


31 

24} 

VII. 


i 295 

27 5 


34? 

j 26 J 

27 

vill. 

34j 

29 

26 1 


28j 

0 

4 - 

IX. 


i 28} 

4- 


0 

! 4 - 

1 

0 

X. 

38 

j 28} 

225 ’ 


32 J 

! + 

0 

Total in inches. 

525*13 

1 420-00 

265-50 
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diTisions; but when only two kinds of seeds germinated at the 
same time, they were planted on the opposite sides of other pots ; 
and this is indicated by blank spaces in one of the three columns 
in Table XLVII. An 0 in the table signifies that the seedling 
died before it was measured; and a -f signifies that the plant 
did not produce a flower-stem, and therefore was not measured. 
It deserves notice that no less than eight out of the eighteen self- 
fertilised plants either died or did not flower; whereas only 
throe out of the eighteen intercrossed, and four out of the twenty 
London-crossed plants, were in tliis predicament. The self- 
fertilised plants had a decidedly loss vigorous appt‘.arance 
than the plants of the other two lots, their leaves being 
smaller and nan*ower. In only one pot did a self-fertilised plant 
flower before one of the two kinds of crossed plants, between 
wliich there was no marked difference in the period of flowering. 
The plants were measured to the base of the calyx, after they 
had completed their growth, late in the autumn. 

The average height of the sixteen London-crossed plants in 
the preceding table is 32*82 inches; that of the fifteen inter- 
crossed plants, 28 inches ; and that of the ten self-fertilised 
plants, 26*55. 

So that in height we have the following ratios : — 

The London -crossed to the self-fertilised as 100 to 81 
The London-crossed to the intercrossed as 100 to 85 
The Intercrossed to the self-fertilised as 100 to 95 

These three lots of plants, which it should be remembered 
were all derived on the mother-side from plants of the third 
self-fertilised generation, fertilised in throe different ways, were 
left exposed to the visits of insects, and their flowers wore freely 
crossed by them. As the capsules of each lot liecame ripe they 
were gathered and kept sej^irate, the empty or bad ones being 
thrown away. But towards the middle of October, when tho 
capsules could no longer ripen, all were gathered and were 
counted, whether good or bad. The capsules were then crushed, 
and the seed cleaned by sieves and weighed. For the sake of 
uniformity the results are given from calculation, as if there had 
been twenty plants in each lot. 

The sixteen London-crossed plants actually produced 286 
capsules; therefore twenty sdeh plants would have produoe<l 
357*5 capsules; and from the actual weight of the j^eeds, tho 
twenty plants would have yie|ded 402 grains weight of see^ 
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The fifteen intercrossed plants actually produced 157 capsules ; 
therefore twenty of tiiem would have produced 209*3 capsules, 
and the seeds would have weighed 208*43 grains. 

The ten self-fertilised plants actually produced 70 capsules ; 
therefore twenty of them would have produced 140 capsules ; 
and the seeds would have weighed 153*2 grains. 

From these data we get the following ratios 

Number of capsules produced by an equal number of plants of 
the three lots. 

Number of Capsules, 

The London-crossed to the self-fertilised, as 100 to 39 
The London-crossed to the intercrossed, as 100 to 45 
The Intercrossed to the self-fertilised as 100 to 67 

Weiyht <f seeds produced by an equal number of plants of the 
. three lots. 

Weight of Seed, 

The London-crossed to the self- fertilised, as 100 to 33 
The London-crossed to the intercrossed, as 100 to 45 
The Intercrossed to the self-fertilised, as 100 to 73 

We tlius see how greatly the offspring from the self-fertilised 
plants of the third generation crossed by a fresh stock, had 
their fertility increased, whether tested by the number of caj)- 
sules produced or by the weight of the contained seeds; this 
latter being the more trustworthy method. Even the ofifepring 
from the self-fertilised plants crossed by one of the crossed 
plants of the same stock, notwithstanding tliat both lots had 
l)een long subjected to the same conditions, had tlieir fertility 
considerably increased, as tested by the same two methods. 

In conclusion it jnay be well to repeat in reference to the 
fertility of these three lots of plants, that their flowers were 
left freely exposed to the visits of insects and were undoubtedly 
crossed by them, as may l>e inferred from the large number of good 
capsules produced. Those plants were all the offspring of the 
same mother-plants, and the strongly marked difference in their 
fertility must be attributed to the nature of the pollen employed 
in fertilising their parents ; and the difference in the nature of the 
pollen must be attributed to the different treatment to which 
the pollen-bearing parents had been subjected during several 
previous generations. 

Oohm qf the Flowers , — ^The flowers produced by the self-fertilised 
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plants of the last or fourth generation were as uniform in tint 
as those of a wild species, being of a pale pink or rose colour. 
Analogous cases with Mimulus and Ipomoea, after several 
generations of solf-fertilisation, have been already given. The 
flowers of the intercrossed plants of the fourth generation were 
likewise nearly uniform in colour. On the other hand, the flowers 
of the London-crossed plants, or those raised from a cross with 
the fresh stock which bore dark crimson flowers, varied extremely 
in colour, as might have been expected, and as is the general 
rule with seedling carnations. It deserves notice that only two 
or three of the London-crossed plants produced dark crimson 
flowers like those of their fathers, and only a very few of a pale 
pink like those of their mothers. The great majority had their 
petals longitudinally and variously striped with the two colours, 
— the groundwork tint being, however, in some cases darker 
than that of the mother-plants, 

Xn. MALVACEAE.-— Hibiscus apmcanus. 

Many flowers on this Hibiscus were crossed with pollen from 
a distinct plant, and many others were self-fertilised. A rather 
larger proportional number of the crossed than of the self- 
fertilised flowers yielded capsules, and the crossed capsules con- 
tained rather more seeds. The self-fertilised seeds were a little 
heavier than an equal number of the crossed seeds, but they 
germinated badly, and I raised only four plants of each lot. In 
tliree out of the four pots, the crossed plants flowered fimt. 


Table XLYIIL 
Hibiscus africanm. 


No. of Pot, ' 

Crossed Plants, 

.-sclf-fenlUsed Plants. 

I. 

inebet), 

m 

Inches. 

168 

II. 

14 

14 

I III, 

8 

7 

IV. 

17i 

20^ 

Total in inches. 1 

53-00 

57-75 
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The four crossed plants average 13 *25, and the four self-fer- 
tilised 14*43 inches in height; or as 100 to 109. Here we have 
the unusual case of self-fertilised plants exceeding the crossed 
in height ; but only four pairs were measured, and these did not 
grow well or equally. I did not compare the fertility of the two 
lots. 
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CHAPTER V. 

GeRANIACEJE, LEQUMlNOaiB* Onageacejs, etc. 

Pelargonium zonal e, a cross between plants projiagatcd by cuttings 
does no good — Trop®olum minus — ^Tjimnantbes douglasii — Lupinus 
luteus and pilosus — Pbaseolus multiflorua and vulgaris — Luthyrus 
odoratus, varieties of, never natumlly intercross in England —Fisuiu 
sativum, varieties of, randy intercross, but a cross between them 
highly beneficial — Sarothamnus scoparins, wonderful etfects of a 
cross — Ononis miiintissima, oleiatogene flowers of- Summary on 
the Legurainos® — Clarkia elegans — Burtonia aiirt'A — Passiflora 
gracilis — Apium petroselinum — Scabiosa atropurpurca — Lactuca 
sativa — Specularia speculum — Lol>elia ramosa, advantages of a 
cross during two generations — Lol)eliafulgens — Neniophila insignis, 
great advantages of a cross— Borago ofiicinalis — Nolana prostrata. 


Xin. GERANIACEJE.— Pelargonium zonale. 

This plant, as a general rule, is strongly proterandrous,* and 
is therefore adapted for cross-fertilisation by the aid of insects. 
Some flowers on a common scarlet variety were self-fertilised, 
and other flowers were crossed with pollen from another plant; 
but no sooner had I done so, than I remembered that these 
plants had lioen propagated by cuttings from the same stock, 
and were therefore parts in a strict sense of the same individual. 
Nevertheless, having made the cross I resolved to save the seeds, 
which, after germinating on sand, were planted on the opposite 


* Mr. J. Benny, a peat raiser 
of new varieties of pelargoniums, 
after stating that this species is 
proterandrous, adds (‘ Tlie Florist 
and Fomologist,' Jan. 1872, p. II) 
“there are some varieties, espe- 
cially those with petals of a pink 
colour, or which possess a weakly 
constitution, where the pistil ex- 
pands as soon as or even before 
the poUen-bag bursts, and in 


which also the pistil is frequently 
short, 80 wlieii it expands it is 
smotiiered as it were by the 
bursting anthers; these varieties 
arc great soediirs, each pip being 
fertilised by its own pollen, t 
would instance Christine as an 
example of this fact.” We have 
here an interesting case of va- 
riability in an important funo- 
tiouai ]^>int. 
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sides of three pots. In one pot the qtiasi-crossed plant was very 
soon and ever afterwards taller and finer than the self-fertilised. 
In the two other i)ots the seedlings on both sides were for a time 
exactly equal ; but when the self-fertilised plants were about 
10 inches in height, they surpassed their antagonists by a little, 
and ever afterwards showed a more decided and increasing 
advantage ; so that the 8elf-fertili9e<i plants, taken altogether, 
were somewhat superior to the quasi-crossed plants. In this 
case, as in that of the Origanum, if individuals which have l^een 
asexually propagated from the same stock, and which have been 
long subjected to the some conditions, are crossed, no advantage 
whatever is gained. 

Several flowers on another plant of the same variety were 
fertilised with pollen from the younger flowers on the same plant, 
so as to avoid using the old and long-shed pollen from the same 
flower, as I thought that this latter might be less efficient than 
fresh pollen. Other flowers on the same i>lant were crossed with 
fresh pollen from a plant which, altliough closely similar, w'as 
known to have arisen as a distinct seedling. The self-fertilised 
seeds germinated rather before the others ; but as soon as I got 
equal pairs they were planted on the opposite sides of four pots. 


Table XLIX. 

Pelargonium zonale. 


No. t)f Pot. 

0ro«8Cd Plants. 

Self.fertUised Plants. 


Inches. 

Inches. 

I. 

2-21 

25 j 


19| 

121 

11. 

15 

19J 


in 

22 j 

Ill 

m 

19j 


18J 

71 

IV. 

38 

91 

Total in inches. 

156*50 

116'38 


When the two lots of seedlings were between 4 and 5 inches in 
height they wore equal, excepting in Pot lY., in which the crossed 
plant was much the tallest. When between 11 and 14 inches 
in height, they were measured to the tips of their uppennost 
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leases; the crossed averaged 13*46, and the self-fertilised 11 *07 
inches in height, or as 100 to 82. Five months later they were 
again measured in the same manner, and the results are given 
in the preceding tabla 

The seven crossed plants now averaged 22*35, and the seven 
self-fertilised 16*62 inches in height, or as 100 to 74. But from 
the gi*eat inequality of the several plants, the result is less trust- 
worthy than in most other cases. In Pot II. the two self- 
fertilised plants always had an advantage, except whilst quite 
young, over the two crossed plants. 

As I wished to ascertain how these plants w^ould behave 
during a second growth, they were cut down close to the ground 
whilst growing freely. The crossed plants now showed their 
superiority in another way, for only one out of the seven was 
killed by the operation, whilst three of the self-fertilised plants 
never recovered. There was, therefore, no use in keeping any of 
the plants excepting those in Pots I. and III.; and in the 
following year the crossed plants in these two pots showed during 
their second growth nearly the same relative superiority over 
the self-fertilii^ plants as before. 

Tropjeolum minus. 

The flowers are proterandrous, and are manifestly adapted 
for cross-fertilisation by insects, as shown by Sprengcl and 
Delpino. Tw*olve flowers on some plants growing out of doors 
were crossed with pollen from a distinct plant and produced 
eleven capsules, containing altogether twenty-four good seeds. 
Eighteen flowers were fertilised with their own pollen and 
juoducod only eleven capsules, containing twenty-two good 
seeds ; so that a much larger projxjrtion of the crossed than of 
the self-fertilised flowers produced capsules, and the crossed 
capsules contained rather more seed than the self-fertilised m 
the ratio of 100 to 92. The seeds from the self-fertilised capsules 
were however the heavier of the two, in the ratio of 100 to 87. 

Seeds in an equal state of germination were planted on the 
opposite sides of four pots, but only the two tallest plants on 
each side of each pot were measured io the tops of their stems. 
The pots were pla^ in the greenhouse, and the plants trained 
up sticks, so that they ascended to an unusual height. In three 
of the pots the crosi^ plants flowered first, but in the fourth 
at the same time with the self-fertilised. When the seedlings 
were between 6 and 7 inches in height, the crossed began to 
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show a slight advantage over their opponents. When grown to 
a considerable height the eight tallest crossed plants averaged 
44*43, and the eight tallest self-fertilised plants 87*34 inches, 
or as 100 to 84. When their growth was completed they were 
again measured, as shown in the following table : — 


Table L. 

Tropceolum minus. 


No. of Pot. 

Crossed Plants. 

Self-fertllised Plants. 


Inches. 

Inches. 

1 . 

65 

31 


50 

45 

II. 

69 

42 


36 

45 

III. 

70 ^ 

50} 


59} 

55 1 

IV. 

614 

37 1 


57 4 

614 

Total in inches. 

467*5 

368-0 


The eight tallest crossed plants now averaged 58*43, and the 
eight tallest self-fertilised plants 46 inches in height, or as 100 
to 79. 

There was also a great difference in the fertility of the two 
lots which were left tincovored in the greenhouse. On the 17th 
of September the capsules from all the plants were gathered, 
and the seeds counted. The crossed plants yielded 243, whilst 
the same number of self-fertilised plants yielded only 155 seeds, 
or as 100 to 64. 


LiMNAKTHBS 2X>UGLA8II. 

Several flowers were crossed and self-fertilised in the usnal 
manner, but there was no marked difference in the number of 
seeds which they yielded. A vast number of spontaneously self- 
fertilised capsules were also produced under the net. Seedlings 
were raised in five pots from the above seeds, and when the 
crossed were about 3 inches in height they showed a slight 
advantage over the self-fertilised. When double this height, the 

L 
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sixteen crossed and sixteen self-fertilised plants were measured 
to the tips of their l^ves; the former averaged 7*3 inches, and 
the self-fertilised 6*07 inches in height, or as 100 to 83. In 
all the pots, excepting IV., a crossed plant flowered before any 
one of the self-fertilised plants. The plants, when fully grown, 
were again measured to the summits of their ripe capsules, with 
tlie following result : — 


Table LI. 

LimnafitJm douglasii. 


Ko. of Pot. 

Crossed PlantH, 

Self-fertjIi«Hi Plants. 

lncho(». 

1-n 

loa 

11 

ir>i 

u>l 

17 

I. 

Incbwj. 

17 1 

13 

II. 

20 

22 

21 

isj 

III. 

15f 

17} 

14 

11 s 

i 10| 

0 ‘ 

IftJ ■ 

l:t 

12J 

IV. 1 

20 1 

14 

15 

V, 

17 

U| f 


m 

Hi ■ 



12i 

Total in inches. 1 

279-50 

~T" 

207*75 


The sixteen crossed plants now averaged 17*46, and the 
fifteen (for one had died) self-fertilised plants 13*85 inches in 
height, or as 100 to 79, Mr. Galton considers that a liigher ratio 
would be fairer, viz., 100 to 76. He made a graphical reprosenta- 
tion of the above measurements, and adds the words ** very 
good to the curvature thus formed. Both lots of plants pro- 
duced an abundance of seed-capsules, and, as far as could be 
judged the eye, there was no difference in their fertility. 
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XIY. LEGUMINOSJE. 

In this family I experimented on the following six 
genera, Lnpinus, Phaseolns, Lathyrus, Pisiini, Saro- 
thainnus, and Ononis. 

LtrPINUS LUTEUS.* 

A few flowers were crossed with pollen from a distinct plant 
but owing to the unfavourable season only two crossed seotls 
were i>roduced, Kine seeds were savofl from flowers six)n- 
tanoously self-fertilised under a iiH, on the same plant which 
yielded the two crossed seeds. One of these crossed seeds was 
sown in a pot with two self-fertilised seeds on the opposite side ; 
the hitter came up between two and three days K^foro the crosserl 
seed. The second crossed seed was sown in like manner with 
two s(df-fertilised seeds on the opjwsiie side ; these latter also came 
up al)OUt a day before the crossed one. In both pots, therefore, 
the crossed seedlings from gorniinating later, were at first com- 
pletely beaten by the self-fertibsod; nevertheless, this state of 
things was afterwards completely reversed. The seeds were 
sown late in the autumn, and tho pots, which were much too 
small, w-ere kept in tho gi-eeuhousc. The i»lants in consequence 
grow biidly, and the self-fertilised suffered most in both jx)t8. 
Tlio two crossed plants when in flower during the following spring 
ysrero 9 inches in lieight ; one of tho solf-fertiliscMi plants was 
8, and tho three others only 3 inches in height, l)eing thus 
mero dwarfs. Tho tivo crossed ijlants produced thirteen pods, 
whilst tlie four self-fertilised plants produced only a single 
one. Some other sclf-fertilLs(id plants wliich had boon raised 
separately in liirgor pots produced several spontaneously self- 
fertilised pods under a net, and seeds from those were used in the 
following expe^rirnont. 

Orosmland teif-feiiilhi'd PUmts of the. Secmid Generation, — The 


* Tho Btructure of tho flowers 
of this plant, and their manner of 
fertilisation, Uave Ixjeu <b Horibod 
by U. Miillwr, * Bfdiruoiituug,’ 4&a 
p. 213. Tiie flowers do not 
secrete free nectar, and bees geii- 
eially visit tlieni for their pdllen. 
Mr. Farm, howe'ver, Tomatks 


(‘Nature,* 1872, p. 499) that 
** there it) a cavity at the back and 
base of the vexdlum, in which I 
have not btHui able to find n* ctur. 
Bnt tlic Ues, which consUntly 
visit these flowers, ocitahily go to 
thw cavity for what they want, 
and not to the ataiuinai tuU^*’ 

L 2 
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spontaneously self-fertilised seeds just mentioned, and crossed 
seeds obtain^ by intercrossing the two crossed plants of the last 
generation, after germinating on sand, were planted in pairs on 
the opposite sides of three large pots. When the seedlings were 
only 4 inches in height, the crossed had a slight advantage 
over their opponents. When grown to their full height, every 
one of the crossed plants exceeded its opponent in height. 
Nevertheless the self-fertilised plants in all three pots flowered 
before the crossed 1 The measurements are given in the 
following table : — 


Table LII. 


Lvpitius luhnts. 


No, of Pot. 

Crossed Plants. 

S*'lf-fertilised Plants. 


Inches. 

! Inches, 

I. 


! 


:toj 

' 18 j 



i 28 

11. 

29 j 

26 


30 

; 25 

in. j 

30 J 

2S 

i 

31 

27 J 

1 

31 j 

24 1 

Total in inches. 

246-25 

201*75 


The eight crossed plants here average 30*78, and the eight 
self-fertilised 25*21 inches in height; or as 100 to 82. These 
plants were left uncovered in the greenhouse to set their pods, 
but they produced very few good ones, x>C‘rhap8 in part owing to 
few bees visiting them. The crossed plants produced nine pods, 
containing on an average 3*4 seeds, and the self-fertilised plants 
seven pods, containing on an average 3 seeds, so that the seeds 
ftxHU an equal number of plants were as 100 to 88. 

Two otW crossed sellings, each with two self-fertilised 
seedlings on the oj)posite sides of the same large pot, were 
turned out of their pots early in the season, without being 
disturbed, into open ground of good quality. Tliey were thus 
subjected to but little competition with one another, in com- 
imrisott with the plants in the above three pots. In the autumn 
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the two crossed plants were about 3 inches taller than the four 
self-fertilised plants; they looked also more vigorous and pro- 
duced many more pods. 

Two other crossed and self-fertilised seeds of the same lot, 
after germinating on sand, were planted on the opposite sides of 
a large pot, in which a Calceolaria had long been growing, 
and were therefore exposed to unfavourable conditions: the 
two crossed plants ultimately attained a height of 20J and 
20 inches, whilst the two self-fertilised were only 18 and 91 
inches high. 


Lupinus pilobus. 

From a series of accidents I was again unfortunate in obtaining 
a sufficient number of crossed s^lings ; and the following 
results would not be worth giving, did they not strictly accord 
with those just given with respect to L, lutem, I raised at first 
only a single crossed seedling, w^hich was placed in competition 
with two self-fertilised ones on the op]X)site side of the same 
pot. Those plants, without being diwsturlxd, were soon afier- 
wards turned into the open ground. By the autumn the crossed 
plant had grown to so large a size that it almost smothered 
the two self-fertilised plants, which were mere dwarfs; and 
the latter died without maturing a single pod. Several self- 
fertilised seeds had been planted at the same time seimrately 
in the open ground ; and the two tallest of these were 33 and 
32 inches, whereas the one cros.sed plant was 38 inches in height. 
This latter plant also produced many more pods than did any 
one of the self-fertilised plants, although gprowing separately. A 
few flowers on the one crossed plant were crossed with pollen 
from one of the self-fertilised plants, for I had no otlicr crossed 
plant from which to obtain pollen. One of the self-fertilised 
plants having been covered by a net produced plenty of spon- 
taneously self-fertilised pods. 

Crosmd and self ^/nrUliBcd Plants of the Second Oeneration , — ^From 
crossed and self-fertilised seeds obtained in the manner just 
described, I succeeded in raising to maturity only a pair of 
plants, which were kept in a pot in the greenhouse. The crossed 
plant grew to a height of 33 inches, and the self-fertilised to 
that of 26i inches. The former produced, whilst still kept in 
the greenhouse, eight pods, containing on an average 2*77 seeds; 
and the latter only two ixxls, containing on an average 2’ 5 
seeds. The average height of the two croiWl plants of the two 
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generations taken together was 35 '5, and that of the three self*- 
fertilised plants of the same two generations 80*5; or as 100 
to 


Phaskolxjs multiflobus. 

This plant, the searlet-mnner of English gardeners and the P. 
wcclneus of Lamarck, originally came from Mexico, as I am in- 
formed by IMr. lientham. The flowers are so constructed that 
hive and hiimble-lxjes, wliich visit them incessantly, almost always 
alight on the loft wiiig-j>etal, as they can liest suck the nectar 
from this side. Their weight and movements depress the jjotal, 
and this causes the stigma to protrude from the spirally- wound 
keel, and a brush of haii-s round the stigma pushes out tlie pollen 
before it The iK)llen adlieres to the head or prol>oscis of the 
bee which is at work, and is thus plac'cd citht^r on the stigma 
of the same flower, or is carried to another flower. t Several 
years ago I covered some plants nndtir a large net, and these 
produced on one occasion about one-third, and on anotlu*r occa- 
sion about one-eighth, of the unml)er of pods which tlie same 
number of uncovered plants growing close alongside produeed.J 
This lessened fertility was not caused by any injury from the 
net, os I moved the wing-petals of several protected flowers, in 
the same manner as bees do, and these prtxiuced remarkably 


* We here Sf'C* that both Lupi- 
nm lutefui and pilmm 8<^etl frr^'Iy 
when iuseeta are excluded ; but 
Mr, Swale, of Christchurch, in 
Kew Zealand, infonns luc (see 
*fTardeners’ Chronicle/ 185S, p. 
828} that the ganlevi \arietie?( of 
the lupine are not there visit ed hy 
any het‘8, and that they beed less 
freely than any otiior intrcKlueed 
leguminous plant, with the excei>- 
tion of red tdover. He adds, “ I 
have, for aniusement, during the 
summer, released the stamens with 
a piTi, an<l a po*l of w ed has always 
rewarded me tor ray trouble, tlie 
adjenuing flo\ver8 not m served 
having all provt^d bliml.*^ I do 
not know to what species this 
statement refers. 

t The flowers have Ihvu de- 
scribed by Dt Ipino, and in an 
admirable manner by Mr. Farrer 


in the ‘Annals and Mag. of Nat. 
Hist* vol. ii. '4th HcrioH) Oct. 
1808, p. 256. My sou Francis 
has explained (‘Nature/ Jan. 8, 
1874, p. 181)) the use of one pecu- 
liarity in their .structure, namely, 
a littU' vertical projection on the 
single frcjc staraeu nw its bjtse, 
wtiich seems placed as if to guard 
the e.utrance into the two nectar- 
holcs in the staminal sheath. 
He shows that this projt ction pre- 
vents the betw rmching the nectar, 
niilcKH tliey go to the left side of 
the floWer, and it is absolut ly 
necevS.^ary f( >r cross-f Hi i ist* tion 
that they should alight on the 
l(‘ft wing-petal. 

t ‘liardeners’ Chronicle/ 1857, 
p. 725, and more eHjKJciaUy ibidi 
1858, p. 828. Abo ‘Annals and 
Miig. of Nut. Hist.' (Jrd scries) 
voi. ii. 1858, p. 462. 
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fine pods. When the net was taken off, the flowers wei» imme- 
diately visited by bees, and it was interesting to observe how 
quickly the plants became covered with young pods. As the 
flowers are much frequented by Thrips, the self-fertilisation of 
most of the flowers under the net may liave been due to the action 
of these minute insects. Dr. Ogle likewise covered up a large 
portion of a plant, and '*out of a vast number of blossoms thus 
protected not a single one produced a pod, while the unprotected 
blossoms were for the most part fruitful/* Mr. Belt gives a 
more curious case ; this plant grows well and flower^ in Nicaragua ; 
but as none of the native boes visit the flowers, not a single pod 
is ever produced.* 

From the facts now given we may feel nearly sure that 
individuals of tlio same variety or of different varieties, if growing 
near each other and in flower at the same time, would inter- 
cross ; but I cannot myself advance any direct evidence of such 
an occurrence, as only a single variety is commonly cultivated in 
England. I liave, however, received an account from the Bev. 
W. A. Leighton, that plants raised by him from ordinary seed 
produced seeds differing in an extraordinary manner in colour 
and shape, leading to the belief that their parents must have 
l)ecn crossed. In France M. Fermond more than once planted 
close togetlier varieties which ordinarily come true and which 
bear differently coloured flowers and seeds; and the offspring 
thus raised varied so greatly that there could hardly be a doubt 
that they had iutercrossod.f On the other hand, Professor H. 
Hoffmann t does not believe in the natural crossing of the 
varieties ; for althougli seedlings raised from two varieties growing 
close together produced plants which yielded seeds of a mixed 
character, he found that this likewise occurred with plants sepa- 
rated by a spjice of from 40 to 150 jmces from any other variety ; 
he therefore attributes the mixed cliaracter of the seed to spon^ 


* Dr. Ogle, ‘ Pop. Bcionce Re- 
view/ 1870, p. IG8. Mr. Btlt, 
‘The NatuniliHt in Nicaxagna/ 
1874, p. 70. The latter author 
given a caae Naturt?.* 187.% 
p. 26) of a late crop of P. multi- 
JloriM near London, which “was 
rendered barren ” by the humble- 
bees cuttinir, as they frequently 
do, holes at the buses of the flowers 
iusteud of enturing them in the 


proper mauncT, 

t ‘ Fecoudatiou chcz les Vege- 
hiux,’ 1859, pp, 34-40. He adds 
that M. Villiers has described a 
spontaneous hybrid, which he 
cidls P. eoccinew hyhridm, in the 
* Annalea de la Soo. K. <Ie Horti- 
culture/ June 1844. 

X ‘ Bostimmung des Werthes 
von Sjwcies und Vurietat,* 
pp, 47-72, 
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xmnB variabiliiy. But the above distanee would be very far from 
sufficient to prevent intercrossing: cabbages have been known to 
cross at several times this distance; and the carefol Gartner^ 
gives many instances of plants growing at from 600 to 800 yards 
apart fertilising one another. Professor Hofimann even maintains 
that the flowers of the kidney-bean are specially adapted for 
self-fertilisation. He enclosed several flowers in bags; and as 
the buds often dropped off, he attributes the partial sterility of 
these flowers to the injurious effects of the bags, and not to the 
exclusion of insects. But the only safe method of experimenting 
is to cover up a whole plant, which then never suffers. 

Self-fertilised seeds were obtained by moving np and down in 
the same manner as bees do the wing-petals of flowers protected 
by a net ; and crossed seeds were obtained by crossing two of the 
plants under the same net. The seeds after germinating on sand 
were planted on the opposite sides of two large ixits, and equal- 
sized sticks were given them to twine up. When 8 inches 
in height, the plants on the two sides wore equal. The crossed 
plants flowered before the self-fertilised in both pots. As soon 
as one of each pair had grown to the summit of its stick both 
were measured. 


Tabli® Lni. 
Phaseolus rnttHtiflorus. 


JJo. of Pot, 

PUms. 

i 

Self-fertilised Piaiita. 

I. 



Inches. 

87 

88 

82 1 

Inches. 

84j 

87 

76 

II. 1 

90 1 

IQj 


82 j 

87 J 

TouU in inches, i 

480^00 

4U-75 


The average height of the five crossed plants is 86 inches, and 
that of the five self-fertilised plants 82*35 ; or as 100 to 96. The 
pots were kept in the greenhouse, and there was little or no 
difference in the fertility of the two lots. Therefore as far as 
these few observations serve, the advantage gained by a cross is 
very snudl. 

* ^'Eexmtniss der Befruchtmig,* 1844, pp. 578, 577, 
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PHA8EOLUS VX7LOAB18. 

With respect to this species, 1 merely Ascertained that the 
flowers were highly fertile when insects wei^e excluded, as indeed 
must be the case, for the plants are often forced during the 
winter when no insects are present. Some plants of two varieties 
(viz., Canterbury and Fulmer’s Forcing Bean) were covered with 
a net, and they seemed to produce as many pods, containing as 
many beans, as some uncovered plants growing alongside ; but 
neither the pods nor the beans were actually counted. This 
difference in self-fertility between P. \mlgari» and multiflorus is 
remarkable, as these two species are so closely related that 
liinnsBUS thought that they formed one. When the varieties of P. 
vulyarh grow near one another in the open ground, they somo- 
timos cross largely, notwithstanding their capacity for self- 
fertilisation. Mr. Coe has given me a remarkable instance of 
this fact with respect to the negro and a white-seeded and 
a brown-seeded variety, wdiich were all grown together. The 
diversity of character in the seedlings of the second generation 
raised by me from his plants was wonderful. I could add other 
analogous coses, and the fact is well known to gardeners.* 


LaTHTUUS ODORATUa 

Almost everyone who has studied the structure of papi- 
lionaceous flowers has been convinced that they are specially 
adapted for cross- fertilisation, although many of the species are 
likewise capable of self-fertilisation. The case therefore of 
l/ithyrus odoratus or the sweot-pca is curious, for in this 
country it seems invariably to fertilise itself. I conclude that 
this is so, as live varieties, differing greatly in the colour of their 
flowers but in no other respect, are commonly sold and come 
true ; yet on inquiry from two great raisers of seed for sale, I 
find that they take no precautions to insure purity— the five 
varieties being habitually grown close together.f 1 have mystdf 
purposely made similar trials with tlie same result Aitboogh 
the varieties always come true, yet, as wo shall presently see, one 


* I have given Mr. Coo’s case 
in the * Gardeners’ Chronicle,’ 
1858, p, 821). See also for another 
case, ibid. p. 845. 
t See A. W, Earley in ‘ Na- 


ture), ’ 1872, p, 242, to the same 
effect He once, however, saw 
hoes visiting the flowers, and sup- 
posed tUut on this occasion they 
Would have been Intercrossed. 
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of the five well-koo^vn varieties occasionallj gives birth to another, 
'which exhibits all its usual characters. Owing to this curious 
fact, and to the darker-coloured varieties being the most pro- 
ductive, these increase, to the exclusion of the others, as I was 
informed by the late Mr. Masters, if there be no selection. 

In order to ascertain what would be the effect of crossing two 
varieties, some flowers on the Purple sweet-pea, which has a 
dark rotidish-pnrple standard-petal with violet-ooloure^i wing- 
pefah and keel, were castrat^ whilst very young, and were 
fertilised with pollen of the Painted Lady. This latter variety 
has a pale cherry-coloured standard, with almost white wings 
and keel. On two occasions I laised from a flower thus crossed 
plants perfectly resembling both parent-forms ; but the greatcT 
number resembled the paternal variety. So ixirfect 'was the 
resemblance, that I should have suspected some mistake in the 
laM, had not the plants, whicli were at first identical in appear- 
ance with the fatlier or Painted Lady, later in the season produced 
flowers blotched and streaked with dark purple. Tliis is an in- 
teresting example of partial reversion in the same individual 
plant as it grows older. The purple-flowered plants were thrown 
away, as they might possibly have been the product of the 
accidental self-fertilisation of the mother-plant, owning to tho 
ca.stration not having been effectual. But tho plants which 
resembled in the colour of their flowers the paternal variety or 
Painted Lady were preserved, and their seeds saved. Next 
summer many plants were raised from these secxls, and they 
generally rc^sembled their grandfather tho Painted Lady, ])ut 
most of them had their wing-petals streaked and stained with 
dark pink ; and a few had pale purple wings with the standard 
of a darker crims<.)u than is mitural to the Painted Lady, so 
that they formed a new sub-variety. Amongst these plantfe 
a single one appeared having purjde flowers like those of thp 
grandmother, but with the petals slightly streaked with a ])alcr 
tint : this was thrown away. Seeds were again saved from tho 
foregoing i)lants, and the seedlings thus raised still resembled 
the Painted Iia<ly, or great-graudfiitber ; but they now varied 
much, the standard iwtal vaiying from i)ale to dark red, in a 
few instances with blotches of white; and the wing-petals varied 
from nearly white to purple, the keel l^ing in all nearly white. 

As no variability of this kind can be detected in plants raised 
from seeds, the parents of wliich have grown during many suc- 
cessive generations in close proximity, we may infer tliat they 
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cannot have intercro«sed. What does occasionally occur is that 
in a row of plants raised from seeds of one variety, another 
variety tme of its kind appears ; for instance, in a long row of 
Scarlets (the seeds of which had been carefully gathered from 
Scarlets for the sake of this experiment) two Purples and one 
Painted Lady appeared. Seeds from these three aberrant plants 
were saved and sown in separate l)eds. The seedlings from both 
the Furi)les w^ero chiefly Purples, but with some Painted Ladies 
and some Scarlets. The seedlings from the aberrant Painted 
Lady were chiefly Painted Ladies with some Scarlets. Each 
variety, whatever its parentage may have been, retained all its 
characi^rs perfect, and there was no streaking or blotching of 
tlio colours, as in the foregoing plants of crossed origin. Another 
variety, however, is often sold, which is striped and blotched 
with dark purple ; and this is probably of crossed origin, for I 
found, as well as Mr. Masters, that it did not transmit its 
characters at all tiuly. 

From tlic evidence now given, we may conclude that the 
varieties of .he sweet^jKia rarely or never intercross in this 
country ; and this is a highly remarkable fact, considering, firstlj^ 
tlio general structure of the flowers ; sccoiidly, the large quantity 
of pollen ]>roduec<l, far more than is requisite for self-fertilisation ; 
and thirdly, the (Kscjisional visits of insects. That insects should 
sometimes fail to cross-fertilise the flowers is intelligible, for I 
have thrice smi humble- Ix'cs of two kinds, as well as hive-bees, 
sucking the nectir, and they did not depress the keel-petals so 
as to ex}>ose the anthers and stigma ; they were therefore quite 
inefficient for fertilising the flowers. One of these bees, namely, 
JUmilm lapidarim, stood on one side at the base of the standtird 
and inserteil its proboscis beneath the single separate stamen, as 
I afterwards ascertained by opening the flower and finding this 
stamen prised up. Bees are forced to act in this manner from 
the slit in the stamiiial tube Ixjing closely covered by the broad 
membranous margin of the single stamen, and from tlm tube 
not l>eing perforated by nectar-passages. On the other liand, 
in the three British species of Lathyrus wliich I have examined, 
and in the allied genus Vicia, two nectar-imssages are i)resent. 
Therefore British bees might well he puzzled how to act in 
the case of the sweet-pea. 1 may add that the staminal tube 
of another exotic species, Lathyrm grmdifloruH, is not i>er- 
forated by nectar-passages, and this species has rarely set any 
pods in my garden, unless the wing-petals were moved up and 
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down, in the same manner as bees ought to do; and then pods 
were generally formed, but from some cjause often dropped off 
afterwards. One of my sons caught an elephant sphinx-moth 
whilst visiting the flowers of the sw^eet-pea, but this insect would 
not depress the wing-petals and keel. On the other band, I have 
seen on one occasion hive-bees, and two or three occasions the 
MegacfkUe wUiughhieUa in the act of depressing the keel; and 
those bees had the under sides of their bodies thickly covered 
with pollen, and could not thus fail to carry pollen from one 
flower to the stigma of another. Why then do not the varieties 
occasionally intercross, though this would not often happen, as 
insects so rarely act in an efficient manner ? The fact cannot, as 
it appears, be explained by the flowers being self-fertilised at a 
very early age ; for although nectar is sometimes secreted and 
pollen adheres to the viscid stigma before the flowers are fully 
expanded, yet in five young flowers which were examined 
by me the pollen-tubes were not exserted. Whatever the cause 
may be, we may conclude, that in England the varieties never or 
very rarely intercross. But it does not follow from this, that 
they would not be crossed by the aid of other and larger insects 
in their native country, which in botanical works is said to ho 
the south of Europe and the East Indies. Accordingly I wrote 
to Professor Delpino, in Florence, and he informs me tliat it is 
the fixed opinion of gardeners there that the varieties do inter- 
cross, and that they cannot be preserved pure unless they are 
sown separately.” 

It follows also from the foregoing facts that the several varieties 
of the Bweet-pea must have propagated tliemselvos in England 
by self-fertilisation for very many generations, since the time 
when each new variety first appeared. From the analogy of the 
plants of Mimulus and Ipomoea, which had been self-fertilised 
for several generations, and from trials previously made with 
the common pea, which is in nearly the same state as the sweet- 
pea, it appeared to me very improl^ble that a cross between the 
individuals of the same variety would benefit the offspring, A 
cross of this kind was therefore not tried, which I now regret 
But some flowers of the Painted Lady, castrated at an early 
age, were fertilised with pollen from the Purple sweet-pea ; and 
it should be remembered that these varieties differ in nothing 
except in the colour of their flowers. The cross was manifestly 
effectual (though only two seeds were obtained), as was shown 
by the two seedlings, when they flowered, closely resembling 
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their father, the Purple pea, excepting that they were a little 
lighter coloured, with their keels slightly strewed with pale 
purple. Seeds from flowers spontaneously self-fertilised under a 
net were at the same time saved from the same mother-plant, the 
Painted Lady. These seeds unfortunately did not germinate on 
sand at the same time with the crossed seeds, so that they could 
Dot be planted simultaneously. One of the two crossed seeds in 
a state of germination was planted in a pot (No. I.) in which a 
self-fertilised seed in the same state had been planted four days 
bf*fore, BO that this latter seedling had a great advantage over 
the crossed one. In Pot II. the other crossed seed was planted 
two days before a self-fertilised one ; so that here the crossed 
seedling had a considerable advantage over the self-fertilised one. 
But this crossed seedling had its snmmit gnawed off by a slug, 
and was in consequence for a time quite beaten by the self- 
fertilised plant. Nevertheless I allowed it to remain, and so 
great was its constitutional vigotir that it ultimately beat its un- 
injured self-fertilised rival. When all four plants were almost 
fidly grown they were measured, as here shown : — 


Table LIV. 

I af h f/rm odorn tfis. 


No. uf Pot. 

Crtwwed Plants. 

^ Plants. 


Inches. 

! Inches. 

I. 

m 

! 'i+i 


78 j 

; 63 

Total in inches. 

lo8-5 

I 127 -5 


The two crossefl plants here average 79*25, and the two self- 
fertilised 63*75 inches in height, or as 100 to 80. Six flowers on 
these two crossed plants were reciprocally crossed with j)ollen 
from the other plant, and the six jKxis thus produced contained 
on an average six peas, with a maximum in one of seven. Eigh- 
teen spontaneously self-fertilised pods from the Painted Lady, 
which, as alixiady stated, had no doubt been self-fertilised for 
many previous generations, contained on an average only 3*93 
peas, with a maximum in one of five peas ; so that the number 
of peas in the crossed and self-fertilised po^ was as XOO to 65. 
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Tb© self-fertilised peas vere, however, quite as heavy as those 
from the crossed pods. From these two lots of set^ds, the plauts 
of the next generation were raised. 

FlanU of the Second iHneraUm. — Many of the self-fertilised 
peas just referred to germinated on sand l>ofore any of the 
crossed ones, and were rejected. As soon as I got equal pairs, 
they were planted on the op|x>site sides of two large ix>ts, which 
were kejH in the greenhouse The seedlings thus raised wore tlie 
grandchildren of the Painted Lady, which was first crossed hy 
the Purple variety. When the two Jots were from 4 to C inches 
in height there was no difference between them. Nor was there 
any marked difference in the |)eriod of their flowering. When 
fully grown they were measured, as follows : — 


Table LY. 

Lothj/rns odoratus (^Second Genemfiun). 


i 

' S<*«ilings from Plutils SMMllinKs from PIftntH 
\o ofPot ! cruf^ii duruig thf Sflf-fortilUotl during 

^ i»rt.*vu*us Genera- , nmny prf'vnma 

Inches, 

I. . 

71 

S-'l 

67 

50 5 

11. ; 81 a , 

005 

1 \ 

38 j 

1 5.> 

4r> 

Total in inches. ’ 377*50 

331*80 

1 


The average height of the six crossed plants is here 62 '91, and 
that of the six self-fertilised 55 ’SI inches ; or as 100 to 88. There 
was not much difference in the fertility of the tw^o lots ; the 
crossed plants having produced in the greenhouse thirty-five 
pods, and the self-fertilised tliirty-two pods. 

Seeds were saved from the self-fertilised flowers on these two 
lots of plants, for the sake of ascertaining whether the seedlings 
thus raised would inherit any difference in growth or vigour. 
It must therefore be understo^ that both lots in the following 
trial are plants of self-fertilised parentage ; but that in the one 
lot the plants were the children of plants which had been crossed 
during two previous generations, having been before that self- 
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fertilised for mtwjy generations; and that in the other lot they 
were the children of plants which hod not been crossed for very 
many previous generations. The seeds germinated on sand and 
were planted in pairs on the opposite sides of four pots. They 
were measured, when fully grown, with the following result ; — 

Table LVI. 

Lath yrm odmaf ms. 


No. of Pot. 

JVlf-frrtiliBwl Planta 
from CroBnod PUuta. 

Plants 

from S^'lf-frrtilisod 
Plant*!. 


Inches. 

Inches. 

I. 

7‘2 

65 


72 


II, 

58 

64 


68 i 

68J 


72 J 

56 J 

ill. 

T-4 

00 

603 

IV. 

77 1 

: 7GJ 

Total in inches. 

501 

4:)2 


The average height of the sevtui self-fertilised plants, the off- 
spring of crossed plants, is 71T>7, and that of the seven self-fer- 
tilised plants, the offspring of self-fertilisc^d plants, is 64*57 ; or 
as 100 to 90, The self-fertilised plants from the self-fertilised 
produced rather more pods — ^viz., thirty-six — than the self-fer- 
tilised plants from the crossed, for these produced only tliirty-one 
pods. 

A few seeds of the same two lots were sowm in the opposite 
corners of a large box in which a Brugmansia had long been 
growing, and in which the soil was so exhausted that seeds of 
Ip<mcfta purptirta would hardly vegetate ; yet the two plants of 
the sweet-pea which were raised flourished well. For a long 
time the self-fertilised plant from the self-fertilised l->eat the self- 
fertilised plant from the crossed plant ; the former flowered first, 
and was at one time 77 h inches, whilst the latter was only 681 in 
height ; but ultimately the plant from the previous cross showed 
its superiority and attained a height of 1081 inches, whilst the 
other was only 95 inches, I also sowed some of the same two 
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lots of seeds in poor soil in a shady place in a shrubbery. Here 
again the self-fertilised plants from the self-fertilised for a long 
time exceeded considerably in height those from the previously 
crossed plants; and this may probably be attribute, in the 
present as in the last case» to these seeds having germinated 
rather sooner than those from the crossed plants ; but at the 
close of the season the tallest of the self-fertilised plants from 
the crossed plants was 30 inches, whilst the tallest of the self- 
fertilised from the self-fertilised was 29| inches in height. 

From the various facts now given we see that plants derived 
from a cross between two varieties of the sweet-pea, which differ 
in no respect except in the colour of their flowers, exceed 
considerably in height the offspring from self-fertilised plants, 
both in the first and second generations. The crossed plants 
also transmit their superiority in height and vigour to their 
self-fertilised offspring. 


PlSUM SATIVUM. 

The common pea is perfectly fertile when its flowers are pro- 
tected from the visits of insects; 1 ascertained this with two or 
three different varieties, as did Dr. Ogle with another. But the 
flowers are likewise adapted for cross-fertilisation; Mr. Farror 
specifies • the following points, namely : The oixjn bloasom dis- 
playing itself in the most attractive and convenient position for 
insects; the conspicuous vexillum; the wings forming an alight- 
ing place; the attachment of the wings to the keel, by which 
any body pressing on the former must press down the latter ; 
the staminal tul:)e enclosing nectar, and affording by means of its 
partially free stamen with aiiertures on each side of its base an 
open passage to an insect seeking the nectar; the moist and 
sticky pollen placed just where it will be swept out of the apex 
of the keel against the entering insfxjt; the stiff elastic style so 
placed that on a pressure being apjAiod to the keel it will be 
pnshed upwards out of the keel ; the hairs on the style placed 
on that side of the style only on which there is space for the 
pollmi, and in such a direction as to sweep it out; and the 
stigma so placed as to meet an entering insect,— all these 
become correlated parts of one elaborate mechanigm, if we 

♦ ‘Kature/ Oct. 10, 1872, p. description of the flowm, ‘Be* 

479. H. HUller gives an elaborate fruoiitung,' 4 ec. p. 247» 
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suppose that the fertilisation of these flowers is effected by the 
carriage of pollen from one to the other.*’ Notwithstanding these 
manifest provisions for cross-fertilisation, varieties which have 
iKJcn cultivated for very many successive generations in close 
proximity, altho»igh flowering at the same time, remain ]>ure. I 
liave elsewhere * given evidence on this head, and if required 
could give more. There con hardly be a doubt that some of 
Knight’s varieties, which were originally jmxkiced by an artificial 
cross and were very vigorous, lasted for at least sixty yearn, and 
durkig all these years were self-fertilised; for had it Ix^en other- 
wise, they would not have ke))t true, as the scjveral varieties 
are generally grown near together. Most of the varieties, liow- 
<iVor, endure foi- a shorter jauiod ; and this may he in part due 
to their weiilciicss of constitution from long-eontimied self- 
fertilisation. 

It is romarkabJo, considering tliat the flowers secrete much 
nectar and afford mucli }>ollen, how seldom they are visited by 
insects (uther in England or, as il. Miiller remarks, in Nortli 
Germany. I h ivo observed the flowers for the last thirty years, 
and in all this time have only thrice seen of the projHir kind at 
work (one of them Ixjing Bombm rntnconon), such as wore snf- 
ficiently i>o\verful to depress the keel, so as to get the undersides of 
their bodies dusted with pollen. ’I hese l)oes visited several flowers, 
and could hardly have failed to cross-fertilise them, Hive-l)ees 
and other snisill kinds sometimes collect pollen from old and 
already fertilise id flowers, but this is of no account. The rarity 
of the visits of e fficient btjcs to this exotic pl.aiit is, I believe, tbe 
chief cause of the varieties so seldom inU'rcrossing. That a 
cross does oe.*ca.sionally take place, a-smiglit be* expeveted fromwiiat 
has just h(‘eii stated, is certain, from tlie rttcoreled cases of t lie dirtjct 
action of llui iKjlleii e>f one variety ein the set‘d-e*.oats of another, f 
The late Mr. Masters, >y ho ])articularly attended to the raising of 
new varieties of peas, wjis convinced that some of tlnan hael 
originatoel from accidental crosses. But jis such crossejs arei 
rare, tlm e»ld varieties would not often l>e thus deteriorated, more 
especially as plants departing from the ])roper tyj)o are generally 
rejected by those who collect seed for sale. There is another 
cause which probably tends to render cross^fertilisatioii rare, 

* ‘Variation of Animals and f ‘V'ar. under Domestication,* 
Plants lusier Domesticatirm,* chap. xi. 2nd edit. vol. i. p. 428. 

chap. ix. 2nd edit. vol. i. p, 348. 

H 
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namely, the early age at which the pollen-tulxiS are exserted ; 
eight flowers not fully expanded were examined, and in seven ot 
these the polIen-tul>os were in this state; but they had not as 
yet i>cnelrated the stigma. Although so few insects visit the 
flo\voi*s of the pea in this country or in Nortli Oermany, and 
although the anthers seem hero to oiKiii abnoimally soon, it does 
not follow that the si>ccies in its native country would bo thus 
circumstanced. 

Owing to the varieties having been self-fertilised for many 
generations, and to their having been subjected in each genera- 
tion to nearly the sumo conditions (as will be explained in a 
luture chapter), I did not expect that a cross between two such 
plants would K'uefit tlic offspmng ; and so it proved on trial. In 
1867 I covered up several plants of the Early Emperor ])ea, wdiich 
was not then a very new variety, so that it must alretidy have 
been propagated by self-fertilisation fur at least a dozen genera- 
tions. Some flowers were crossed with polkn from a distinct 
plant growing in the same row, and others were allowed to 
fertilistj themselves under a not The two lots of seeds thus 
obtained were sown on o])posite sides of two large pots, but only 
four pairs came uj.> at the same time. The pots were kept in the 
greenhouse. The seedlings of both lots w’ljen l>etw^oen 6 and 7 
inches in heiglit were e/iual When nearly full-gi-own they 
were meafiured, as iu the following table : — 


Table LVII. 

Pijium s<Uivum. 


NlJ. of pot. 

Crossed riaalii. 



liichca. 

lach«*«. 

1. 

35 

20 1 

11. 


51 


3r> 

45 

i 

1 

37 

33 

Total in inches. 

13&-50 i 

158-75 


The average height of the four crossed plimts is here 34 '(52, 
and that of the four s<df-fcrtilised plants 39 '68, or avS 100 to 115, 
So that the crossed plants, far from beating the self-fertilised, 
were comjdetely beaten by them. 
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There can bo no doubt that the ro^nlt ^vo^llcl have been 
widely different, if any two varieties out of the immlKjricBS ones 
which t^xist had been crossed. Notwithstanding that both had 
boon self-fertilised for many previous generations, each would 
almost certainly have possesr,ed its own peculiar constitution ; 
and this degree of differentiation w<nild have been sufficient to 
make a cross highly beneficial. I have spoken thus confidently 
of the l)6nefit which would hixvo been derived from crossing any 
two varieties of the poa from the following facts: Andrew 
Knight in si>eakiug of the results of crossing reciprocally very 
tall and short varieties, says,* had in this experiment a 
striking instance of tlio stimulative effects of crossing the breeds; 
for the snjtille.st variety, whose height rardy exceeded 2 feot, 
was increased to 0 feet; whilst the luiglit of the large and 
luxuriant kiiul was very little diminished.” Kecently Mr. Laxton 
has made numerous crosses, and everyone has l>eeij astonisliod at 
tlie vigour and luxtiriance of the new varieties wliicli he has thus 
raised and aftei’wards fixed by selection. He gave me seod-])eaK 
produced from crosses between four distinct kinds ; and the 
plants thus raised were extraordinarily vigor<uis, being in each 
ciisc from 1 to 2 or even 3 feet taller than the ])arenf-forni.s, 
wliich were raised at the same time close alongside. But as 
1 did nut meusuro their actual height I cannot give the exact 
ratio, but it must have l)een at laiBi as 100 to 75. A similar 
trial was subsequently made w itli two other peas from a differonl 
c;ross, and the result was nearly the same. For instance, a crossed 
seedling between the Maple atid ruri)le-j>odded pea was planted 
in XKK)r soil and grew to the extraordinary height of 110 inches; 
whereas the tallest xffaiit of either ]>arcnt variety, namely, a 
Piirplo-podded pea, was only 70 inches in height; or as 100 to GO. 

Sakothamnus scorAitius. 

Bees incessantly visit the flowers of the common Broom, and 
these are adapted by a curious mechanism for cross-fertilisation. 
Whcii a bee alights on the wing-i)etals of a young flower, the 
keel is slightly o|X3ned and the short stamens spring out, whicli 
rub their polhjn against the abdomen of the l>ce. If a rather 
older flow^erds visited for the first time (or if the bee exeils great 
force on a yomiger fiow^er), the ktjel ojxjns along its whole 
length, and the longer as well as the shorter stamens, together 

* Pliilofiophical Transactions/ 1709, p, 200. 

M 2 
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with the much elongated curved pistil, spring forth with violence. 
The flattened, spoon-like extremity of the pistil rests for a time 
on t'lc back of the bee, and leaves on it the load of pollen with 
which it is charged. As soon as the bee flies away, the pistil 
instantly curls roimd, so that the stigmatic surface is now up- 
turned and occupies a position, in wliich it would bo rubbed 
against the abdomen of another beo visiting the same flower. 
Thus, W’hcn the pistil first escapes from the keel, the stigma 
is rubbed against the back of the bee, dusted with pollen 
from the longer stamens, either of the Siime or another flower ; 
and afterwards against the lower surface of the bee dusted 
with pollen from the shorter stamens, which is often shed a 
day or two befoi e that from the longer stamens. * By this 
meclianism cross-fertilisation is rendered almost inevitable, and 
w’e shall immediately see that pollen from a distinct plant is 
more effective than that from the same flower. I need only add 
that, according to H. Muller, the flowers do not secrete nectar, 
«aiid he thinks that bees insert their proboscides only in the hope 
of finding nectar ; but they act in this manner so frequently and 
for so long a time that I cannot avoid the bchef that they 
obtain something palatable within the flowers. 

If the visits of bees are prevented, and if the flowers aiu 
not dashed by the wind against any object, the keel never 
opens, so that the stamens and pistil remain ci}(*lo.srd. Plants 
thus protected yield very few i)ods in comparison with those 
produced by neighbouring uncovered bushes, and Bometimes 
none at all. I fertilised a few flowers on a plant growing 
almost in a state of nature with pollen from another plant 
close alongside, and the four crossed capsules contained on 
jin average 9*2 seeds. This large number no doubt was due 
to the bush being covered up, and thus not exhausted by 
producing many pods ; for fifty pods gathered from an adjoining 
l>]ai]t, the flowers of which had been fertilised by the bees, 
contained an average of only 7*14 seeds. Ninety-three ixkIs 
spontaneously self-fertilised on a large bush which had been 
covered up, but had been much agitated by the wind, contained 
an average of 2*93 seeds. Ten of the finest of these ninety- 


* These obsorv'ationii have been 
quoted in an abl>reviutt;d form by 
the Kev. G. Honslow, iu the 
‘Journal of Lina. JSoc. Bet.* vol. 


ix. 1800, p. 858. H. Miiller has 
since published a full and excel- 
lent account of the flower in hiM 
‘ Befruohtung,’ &c. p. 240. 
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three capsules yielded an average of 4*80 seeds, that is less than 
half the average number in the four artificially crossed capsules. 
The ratio of 7*14 to 2*93, or as 100 to 41, is ])rol)ably the 
fairest for the number of seeds per pod, yielded by naturally- 
crossed and spontaneously self-fertilised flowers. The crossed 
seeds compared with an equal number of the spontaneously self- 
fertilised seeds were heavier, in the ratio of 100 to 88. We thus 
see that besides the mechanical adaptations for cross-fertilisation, 
the flowers are much more productive with pollen from a 
distinct plant than with their own pollen. 

Eight pairs of the al)Ove crossed and self-fertilised seeds, after 
they had germinated on sand, were planted (1867) on the 
opposite sides of two large pots. When several of the seedlings 
were an inch and a half in height, there was no marked difference 
between the two lots. But even at this early age the leaves of 
the selfi-fertiMsed seedlings were smaller and of not so bright a 
gi’een as those of the crossed sc<.!dlings. The pots were kept in 
the grtonhoueo, and as the plants in the following spring (1868) 
looked unhealthy and bad grown but little, tliey were i>liinged, 
still in their pots, into the o))cn gi’ound. The plants allsuflered 
much from the sudden change, especially the self-fertilised, and 
two of the latter died. Tlie remainder were measured, and 1 
give the measurements in the following table, because I have 
not seen in any other species so great a difference between t})e 
crosseil and self-fertilised seedlings at so early an age. 


Table LYIII. 

Barothumnns ncoparius (very yoitvy plants). 


No. of Pot. 

CrasRed Plants. 

Self-fertill.sed Plants. 

I. 

Inches, 

6 

2 

Inches. 

13 

1 ^ 

II. 

2 

i 





03 

i . 

Total in inches. 

17-5 

i 8-0 

i 


The six crossed plants here average 2*91, and the six self- 
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fertilised 1’33 inches in height; so that the former were more 
than twice as Iiigh as tlie latter, or as 100 to 46. 

In the spring of tlie succeeding year (1869) the three crossed 
plants in Pot I. had all grown to nearly a foot in height, and they 
had smothered the thret? little sell-fertilised plants so completoly 
that two wore dead; and the third, only an inch and a half 
in height, was dying. It should be remembered that these 
plants had l>ccn kxldod out in their pots, so that they were 
subjected to very severe competition. This pot was now thrown 
away. 

The six plants in Pot II. w^cre all alive. One of the self- 
fertilised was an ineli and a (piarter taller than any one of the 
crossed plants; but the other two self-fertilised plants were in a 
very poor condition. I thorefon^ resolved to leave those i)1ants to 
struggle together for some > cars. By the autumn of the same 
year (1869) the self-fertilised jdant which had been victorious 
was now beaten. The nioasuremcnts are shown in the following 
table : — 


TxVble LIX. 

Pot II . — ^xrothamnns »coparia.^. 

CrosHod PlatiK S'.>tf-forUUs(*d Plants. 


liiclifs. 

n 




The same plants were again measured in the autumn of the 
following year, 1870. 

Table LX. 

Pot JL- -S^frodtumtnis scojyxrufs. 


Crossed Plants, 

Solf-fprfilist d Plants. 

Inche?. 

Inches 
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u 

9J 

56-75 j 

' 35-50 
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The three crossed plants now avoragcxi 18' 91, and the three 
self-fertilised 11*88 inches in height; or as 100 to 63. The three 
oroBsed plants in Pot I., as already shown, had beaten the three 
self -fertilised plants so completely, that any comparison between 
tlu'-in was superfluous. 

The winter o^ 1870-1871 was severe. In the spring tlie three 
crossed plants in Pot II. had not even the tips of their shoots in 
the least injured, whereas all throe self-fertilised plants were 
killed half-way down to the ground; and this shows how much 
more tender they wore. In conseqneiKio not one of tijeso latter 
plants bore a suigle flower during the ensuing summer of 1871, 
whilst all three crossed ])lants flowered. 

OxVONlS MINUTISSIMA. 

This plant, of which seeds were sent me from North Italy, pro- 
duces, besides the ordinary ]>a])ilionaceous flowers, minute, imper- 
fect, closed or cleistoganiic flowers, which can nevtu' be cross-ferti- 
lised, but- are liighly self-fertile. Some of the ixulcct flowers were 
crossed with pollen from a distinct plant, and six cai)suleB thus 
produced yielded on a7i average 3‘6G seeds, with a nuiximum 
of five in one. Twelve perfect flowers were marked and allowed 
to fertilise themselves spontaneously under a not, and they 
yielded eight capsules, containing on an average 2 *88 seeds, witli 
a maximum of three seeds in one. So that the crossed and self- 
fertilised capsules from the perfect flowers yielded seeds in the 
lU’oport ion of 100 to G5. Fifty-thnic caj)sules i)roduced by the 
cleistoganiic flowers contained on an average d’l seeds, so that 
these wore the most productive of all; and the secjds them- 
selves l(X)ked finer oven than those from the crossed perfect 
flowers. 

The seeds from the crossed perfect flowers and from the self- 
fertilised cleistogamic flowers were allowed to germinate on sand ; 
but unfortunately only two pairs germinated at the same time. 
These were planted on the opposiUj sides of the same pot, wliich 
was kept in the greenhouse. In the summer of the same year, 
when the seedlings were alxmt 4^ inches in height, the two lots 
wore equal. In the autumn of the following year ^1868) the two 
crossed plants were of exactly the same height, viz., Ilf inches, 
and the two self- fertilised plants 12 J- and 7| inches; so that one 
of the self-fertilised exceeded considerably in lieight all the others. 
By the autumn of 1869 the two crossed plants had acquired the 
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suprt^iDacy ; their height l)eiijg IGJ and 15 J, whilst that of the 
two self-fertilised plants was llrg and 11 J inches. 

By the autumn of 1870, the heights were as folloAvs : — 


Table LXI. 
0)ion is mhitdhshna. 


Crosxpd Plants. 

1 Self-fprtiliflpti Plant.?. 


/ Iiiche.s. 



lyj 

i 171 

:)o-g;3 

i 


So that the mean height of the tw'o crossed plants was 19*81, 
and that Qf the two self-fertilised 17*37 inches; or as 100 to 88. 
It should l>e remoinlxu'cd that the two lots werci at first equal in 
height; that one of the self-fertilised plants tlien had the advan- 
tage, the two crossed i)lants being at last victorious. 

Summary on the Leguminom, — Six genera in this 
iamily were experimented on, and the results are in 
some respects remarkable. The crossed plants of the 
two species of Lupinus were conspicuously superior to 
the self-fertilised plants in height and fertility ; and 
when grown under very unfavourable conditions, in 
vigour. The scarlet-runner (Phaseolics midtiflorus) is 
partially sterile if the visits of bees are prevented, and 
there is reason to believe? that varieties growing near 
one another intercross. The five crossed f)]ants, how- 
ever, exceeded in height the five self-fertilised only 
by a little, Phaseolus vulgaris is perfectly self-fertile ; 
nevertheless, varieties growing in the same garden 
sometimes intercross large! y , The varieties oi Lathy rus 
odoratusy on the other hand, appear never to intercross 
in this country ; and though the flowers are not often 
visited by efficient insects, I cannot account for this 
fact, more especially as the varieties are believed to 
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intercross in North Italy. Plants raised from a cross 
between two varieties, differing only in the colour of 
their flowers, grew much taller and were under un- 
favourable conditions more vigorous than the self-ferti- 
lised plants ; they also transmitted, when self-fertilised, 
their superiority to their offsi)ring. The many varieties 
of the common Pea (Pisum sativum), though growing in 
close proximity, very seldom intercross ; and this seems 
due to the rarity in this country of the visits of bees 
sufficiently powerful to effect cross-fertilisation. A 
cross between the self-fertilised individuals of the same 
variety does no good wliate.ver to the ofts})ring ; whilst 
a cross l^'tween distinct varieties, though closely allied, 
does great good, of M'hich we have excellent evidence. 
The flowers of the Proom (Sarothamnus) are almost 
sterile if they are not disturbed and if insects are ex- 
(duded. The pollen from a distinct plant is more 
(3ffective than that from tlu' same flower in produ(‘ing 
seeds. Thi^ crossed seedlings have an enormous advan- 
tage ov(r the self-fertilised when grown together in 
(dose competition. Lastly, only four plants of the 
Ononis minuthsima were raised ; but as these were 
(jbserved during their wlwde growth, the advantage of 
the 4»rossed over the self-fertilised plants may, I think, 
be fully trusted. 

XV. ONAGRACE^^. — Clarkia elegans. 

Owing to the season being very unfavourable (1867), few of 
the flowers which I fertilised fornaed capsules; twelve crossed 
flowers produced only four, and eighteen self-fertilised flowers 
yielded only one capsule. The seeds after germinating on sand 
were planted in three pots, but all the self-fertilised^ plants died 
in one of them. When the two lots were lietween 4 and 5 
inches in height, the crossed began to show a slight superiority 
over the self-fertilised. W^hen in full flower they wore measured, 
with the following result:— 
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Table LXII. 
Clarkia ehgana. 


No. of Pot. 

Cn).ssf d Plants. 

St'lf.frrtili-oii Plants 

I. 

Iinhes. 

40 1 

‘Jo 

Iiichos. 

J4 

j:j 

- 

II. 1 

"‘34 j 

•>o^ 

Total in inches. | 

i;u*o 1 

j 

llO-o 


The average height of the four crossed is 83 *5, and 

that of the four self-fertilised plants 27 '62 inches, or as 100 to 
82. The crossed plants altogether ] produced 105 and the solf- 
tertilised plants G3 capsules; or as 100 to GO. In hoih pots a 
self-fertilised plant flowered l)ofore any one of the crossed plants. 

XVL LOASACE.d2. — Bartonia aurea. 

Some flowers were crossed and self-fertilised in the usual 
manner during two seasons ; but as I reared on the first o(^casion 


Table LXIII. 
Barton ta anreo. 


No. of Pot. 

Crossed Plants. 

Se]f-fertili8)('d Plants. 


Jnchfs. 

Inches. 

I. 

31 

37 

11. 

183 

20 J 

III. 

19J 

403 

IV. 

25 

35 


36 

153 

V. 

31 

18 


16 

113 

VI. 

I 20 I 

333 

Total in inches. 

197*0 

210-5 
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only two paii’R, the results are given together. On both occasions 
the crossed capsules contained slightly more seeds than the self- 
tertilised. During the first year, when the plants were about 
7 inches in height, the self-fertilised were the tallest, and in the 
seocmd yetir the crossed were the tallest. When the two lots wore 
in full flower they were measured, as in the preceding table. 

The average height of the eight crossed plants was 24*62, and 
that of the eight self-fertilised 26*81 inches; or as 100 to 107. So 
ihat the self-fertilised had a decided advantage over the crossed. 
Hut the plants from some cause never grew well, and finally Ikj- 
came so unhealthy that only three crossed and three self- fertilised 
plants survived to set any capsiiles, and these were few in number. 
The two lots seemed to 1x3 about equally unproductive. 

XVII. PASSIFLOKACE.d]. — PAssiFiiORA gracilis. 

This annual species produces spontaneously numerous fruits 
when insects arc oxcludoji, and behaves in tliis respect very 
differently from most of the other species in the genus, which 
are extremely sterile unless fertilised with pollen from a distinct 
plant.* Fourteen fruits from crossed flowers contained on an 
average 21*14 seeds. Fourteen fruits (two poor ones lacing 
rejected), spontaneously self-fertilised under a net, contained on 
an average 20 ‘bS seeds ]Kn’ fruit; or as ]00 to 85. These seeds 
were sown on the opposite sides of tliree ])ots, but only two pairs 
came up at the same time ; and therefore a fair judgment cannot 
be formed. 

Table LXIV. 

Passfflora gracilis. 


No. of Pot. 

Croeaed Plants. 

Self-fertilised Plants. 


inrhes. 

Inches, 

I. 

5(3 

38 

II. 

42 

64 

Total in iuche.s. 

98 1 

102 


The moan of the two crossed is 49 inches, and that of the two 
self-fertilised 51 inches ; or as 100 to 104. 

^ ‘ Variation of Animals and chap. xvii. 2nd edit. vol. ii. p. 
Plants under Domestication/ 118. 
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XVIII. UMBELLIFERiE.— Apium petrosblinum. 

The XJmbelliferjB are proteracclrous, and can hardly fail to be 
cross-fertilised by the many flies and small Hymonoptera which 
Tisit the flowers.* A plant of the common parsley w^as covered 
by a net, and it ap]>arently produced as many and as fine 
spontaneously self-fertilised fruits or seeds as the adjoining 
imcovered plants. The flowers on the latter were visited by so 
many insects that they must have received pollen from one 
another. Some of these two lots of seeds were left on sand, but 
nearly all the self-fertilised seeds germinated before the others, 
so that I was forced to throw all away. The remaining seeds 
were then sown on the opposite sides of four pots. At first the 
self-fertilised seedlings were a little taller in most of the j^ts 
than the naturally crossed seedlings, and this no doubt was due 
to the self-fertilised seeds having germinated first. But in 
the autumn all the plants w'ere so equal that it did not seem 
worth while to measure them. In t^vo of the ])ots they were 
absolutely equal ; in a third, if there was any difference, it was 
in favour of the crossed plants, and in a somewhat plainer 
manner in the fourth pot. But neither side had any substantial 
advantage over the other ; so that in height they may l)e said 
to be as 100 to 100. 

XIX. DIPSACEiE.— ScABiosA atro-iurpttrea. 

The flowers, which are proterandrons, were fertilised during 

Table LXV. 

Scahiosa airo^purpvrea. 


No. of Pot. 

Crossed Plants. 

Self- fertilised Plants. 


Inches. 

Inches. 

I. 

14 

20 

II. 

1,') 


III. 

21 

14 


18| 

l.i 

Total in inches. 

68-5 

01-5 


♦ H. Miiller, ‘ Befruchtuntr/ &c. p^re,’ tom. ii. p. 68, 1859), varieties 
p. 96. According to M. Mnstel of the carrot growing near each 
(as stated by Godrou, ‘ De TBs- other readily intercross. 
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the unfavourable season of 1867, so that I got few seeds, 
especially from the self-fertilised heads, which were exti-emely 
sterile. The crossed and self-fertilised plants raised from these 
seeds were measured before they were in full flower, as in the 
preceding table. 

The four crossed plants averaged 17 • 12, and the four self-fer- 
tilLsed 16 * 37 inches in height ; or as ICO to 90. One of the self- 
fertilised jdants in Pot III. was killed by an accident, and its 
fellow imlled up; so that when they were again measured to the 
summits of their flowers, there were only three on each side ; 
the crossed now averaged in lieight 32*83, and the self-fertilised 
30*16 inches; or as 100 to 92. 

XX. COMPOSITJE. — ^Lactuca bativa. 

Three plants of Lettuce* (Great London Cos var.) grew close 
together in my garden; one was covered by a net, and produced 
sell-fertilised seeds, the other two were allowed to Ixj naturally 
crossed by insects; but the season (1867) was unfavourable, and 
1 did not obtain many seeds. Only one crossed and one self- 
fertilised plant were raised in Pot I., and their measurements are 
given in the following table (LXVL). The flowers on this one 
self-fertilised plant were again self-fertilised under a net, not 
with pollen from tlie same floret, but from other florets on the 
same liead. The flow^ers on the twe crossed plants -were left to 
1)0 crossed by insects, hut the process was aided by some ]>ollen 
beiijg occasionally ti'aiisi)ort(^d by me fi*om ])lant to plant. These 
two lots of s(.' 0 (ls, after germinating on sand, w^ere planted in 
pairs on the o]»pt)site sides of Pots II. and Ilf., which were at 
first ke})t in the greenhouse and then turned out of doors. The 
I)laritK were measurtd when in full flowm*. The following table, 
therefore, includes ]flants hoJonging to two generations. When 
the seedlings of the tw^o lots w'ere only 5 or G in(dies in height 
they wore ofiual. In Pot III. one of the self-ferh'lised plants 
du*d before flowmdng, as has occurred in so many othir cases. 


* The (."ompositfio are w^ell- 
adaptfd for cross-leitilisation, but 
a uui’seiynmn ou whom I can 
rely, told iiio i at ho had het;ii in 
the linhit of sowing several kinds 
of letiu(}.‘ near together for tlio 
sake of seed, and had never ol>- 
sorvod that they became crossed. 


It is very imi)n)habie that all the 
Mirietios which were tlms culti- 
vated near together hovvtred at 
diflcront times; hut two wliieh I 
Bflecttd by hazard and Bowed 
near each other did not flower at 
the same time ; and my trial 
failed. 
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Table LXM. 
Lactam sntiva. 


No. of Pot. 

Crossed Plants. 

" Self-fertilised Pliinta. 


Inches. 

i Inches. 

I. 

27 


First generation, 
planted in open 
ground. 

25 

20 

Jl. 

29 g 

24 

Second generation. 

^ ^ a 

10 

planted in oj»en | 
ground. 

1 

11 

111. 

U 

1 'H 

S<}cond geuorat.i<»n, 
kept in the pot. 

m 

0 

Total in inches. 

150 

OG 


The average height of the seven orosseil ]>]ants is 19*43, and 
that of the six self-fertilised plants 16 inches ; oi as 100 to 82. 

XXI. CAMPANULACEiE. — Spkcllaiiia bpeculum. 

In the closely allied genus, CamjaiDuIa, in which Specularia 
WES formerly included, the anthers shed at an early ixjriod their 
ix>llen, and this adheres to the col lading hairs which surround 
the pistil l)€neath the stigma; so that without some mechanical 
aid the flowers cannot be fertiliscxl. For instance, I covered up 
a plant of Campanuhi carjuilhica^ and it did iKjt i)roduee a single 
capsule, whilst the surrounding uncovered plants seeded pro- 
fusely. On the other hand, the ju’esent species of Specularia 
apjxiars to set almost as many capsules when covered up, as 
when left to the visits of the Diptera, which, as far as I have 
Been, are the only insects that frequent the flowers.* I did not 
ascertain whether the naturally crossed and spontaneously self- 
fertilised capsules contained an equal number of seeds, but a 
comparison of artificially crossed and self-fertilised flowers, 


♦ It has long been known that clcistogamic as well as perfect 
another species of the genus, flowers, uiid the former are ot 
Specularia perfoUaia^ produces eom'bc self-fertile. 
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showed that the former were probably tlie most productive. It 
appears that this plant is caiKibie of pi oducing a large number 
of self-fertilised capsules owing to the petals closing at night, as 
well as during cold weather. In the act of closing, the margins 
of the petals become reliexed, and their inwoi’dJy projecting 
midribs then pass between the clefts of the stigma, and in doing 
so push the pollen from the outside of the pistil on to the 
stigma tic surfaces.* 

Twenty flowers were fertilised by me with their own pollen, 
but owiug to the bad season, only six caj)sule8 were produced ; 
tliey contained on an average 21*7 seeds, with a maximum of 
forty-eight in one. Fourteen flowers were crossed with ix>llen 
from another plant, and these producied tweh^e capsules, contain- 
ing on an average 30 seeds, with a maximum in one of flfty- 
seven seeds ; so that the crossed seeds were to the self-fertilised 
from an equal number of capsules as 100 to 72. The former 
were also heavier than an equal number of solf-ferlilised swds, 
in the ratio of 100 to 80. Thus, whether wc judge by the number 
of capsules produced Irom an equal nimil>or of flowers, or by the 
average uiiml)er of the contained seeds, or the maxiiuam iumil)er 
in any one capsule, or by their weight, crossing does great good 
in comparison with self-fertilisation. The two lots of seeds were 


Table LXYIL 
aS fiecii la r i a 82 fee nlwri. 


No. of Pot. 

TalU*."! Crossed Plunt 
in rach Pot. 

Talli^ist Self-fertilised 
Plant In eueh PoU 

1. 

lurlies. 

IS 

Inches. 

Inf 

11. 

17 

19 

111. 

224 ^ 

18 

IV. 

20 

23 

Totarin inches. 

77*13 

7 3 • 7 3 





* Mr, Meehan has lately shown tonia virginiea and llanunr.tdus hnU 
(‘Proc. Acad Nat. 8c. Philadel- ?>oftM«diiring the nightcausestheir 
phia,* May 16, 1876, p. 81) that self-fertilisation, 
the closing of the flowers of Claij- 
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sown on the opposite sides of four i»fs ; bnf the Kedliogs were 
not sufficiently thinned. Only the tallest plant an each side was 
measured, when fully grown. 'Jhe measurements are given in 
tJie preceding table. In all four |X)ts the crossed plants flowered 
first. When the seedlings were only about an inch and a half in 
height bodi lots were equal. 

The four tallest enjssed plants averaged 19*28, and the four 
tallest sell-fertilised 18*98 inches in height; or as 1(X) to 98. 
So that there was no difieroncje worth sj^eaking of between the 
two lots in height ; though other great advantages are derived, 
as we have seen, from cross-fertilisation. From being grown in 
pots and kept in the greenhouse, none of the plants produced 
any capsules. 

Lobelia bamosa.* 

Var. Snow-flake. 

Tlie M'oll-adaptod means by which cross-fertilisation is en- 
sured in this genus have been described by several authors. t 
The ])istil as it slowly increases in lengtli pushes the pollen 
out of tluj conjoined anthers, by the aid of a ring of bristles ; the 
two lobes of tlic stigma being at this time closed and incapable 
of fertili.satic>n. The extrusion of the pollen is also aided by 
insects, which rub against the little bristles that project from 
the anthers. The pollen thus pushed out is carried by insects 
to the older flowers, in which the stigma of the now freely 
projecting pistil is open and ready to be fertilised. I proved 
the importance of the gaily-coloured corolla, by cutting off the 
large lower x^etal of several flowers of LoMki ermvs ; and these 
flowers were neglected by the hive-bees which were incessantly 
visiting the other flowers. 

A capsule was obtained by crossing a flower of L. ramosa 

* I have adopted the name Mag. of Nat. Hist.’ vol. ii. (4th 
given to this plant in the ‘Gar- series) p. 2()0. In the allied 
deners’ Chronicle,’ isflfl. Prof. genus Isotoma, the curious spike 

T. Dyer, liowcvt*r, informs mo which projeels rec tangulaily from 

that it prohuhly is a white vuriety the authors, nn<l which * when 

of L, tenuior of R. Drown, from sliakon cjuisea tho pollen to f^all 

W. Australia. on the back of an entering insect, 

t See the works of Ilil lebrand seems to have hton developed 
and Delpino. Mr. Fam;r also from a bristle, like one of those 
has given a rfmiarkahly clear which spring from the anthers in 
description of the mechanism by some of or all the species of Lo- 
w'hich cross-fertilisation is effected belijt, as described by Mr. Farrer. 
in this genus, in the ‘ Annals and 
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with pollen fh)m another plant, and two other capsules from 
ai’tificially self-fertilised flowers. The contained seeds were 
sown on the opposite ipdes of four pots. Some of the crossed 
seedlings which came up before the others had to be pulled up 
and thrown away. Whilst the plants were very small there was 
not much difference in height l)etween the two lots ; but in Pot 
in. the self-fertilised were for a time the tallest. When in full 
flower the tallest plant on each side of each pot was measured, 
and the result is shown in the following table. In all four 
pots a crossed plant flowered before any one of its opponents. 

Table LXVHI. 


Lobelia ramosa (First Generation^ 


No. of Pot. 

I'allest Crossed l*lant 
in each Pot. 

Tallest Si lf-fortilised 
Plant in each Pot. 

I. 

Inches. 

22 J 

Inches. 

17i 

II. 

27 J 

24 

III. 

16| 

15 

IV. 

m 

17 

Total ia inches. 

89-0 

73-5 


The four tallest crossed plants averaged 22*25, and the four 
tallest self-fertilised 18*37 inches in height ; or as 100 to 82. I 
was surprised to find that the anthers of a good many of these 
self-fertilised plants did not cohere and did not contain any 
pollen ; and the anthers even of a very few of the crossed plants 
werG-4n the same condition. Some flowers on the crossed plants 
were again crossed, four capsules being thus obtained ; and some 
flowers on the self-fertilised plants were again self-fertilised, 
seven capsules being thus obtained. The seeds from l)oth lots 
were weighed, and it was calculated that an equal number of 
capsules would have yielded seed in the proportion by^weight of 
100 for the crossed to 60 for the self-fertilised capsules. So that 
the flowers on the crossed plants again crossed were much 
more fertile than those on the self-fertilised ptlants again self- 
fertilised. 


K 
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$own on the opposite sides of four i)ots ; but the seedlings were 
not sufficiently thinned. Only the tallest plant on each side was 
measured, when fully grown. *1 he measurements are given in 
the preceding ta,ble. In all four pots the crossed plants flowered 
first. When the seedlings were only about an inch and a half in 
height botli lots were equal. 

The four tallest crossed plants averaged 19*28, and the four 
tallest self-fertilised 18*93 indies in height; or as 100 to 98. 
So that there was no diflercnce worth si^eaking of between the 
two lots in height ; ^though other groat advantages are derived, 
as we have seen, from cross-fertilisation. From being grown in 
pots and kept in the greenhouse, none of the plants produced 
any capsules. 

Lobelia bamosa.* 

1 ar. Snow-flake. 

The well-adapted means by which cross-f(5rtilisation is en- 
sured in this genus have been described by sev(‘rai authors, t 
The pistil as it slowly increases in length pushes the x>ollen 
out of the conjoined anthers, by the aid of a ring of bristles ; the 
two lol“>es of the stigma being at this time closed and incapable 
of fertilisation. The extrusion of the pollen is also aided by 
insects, w hich rub against the little bristles that project from 
the anthers. The pollen thus pushed out is carried by insects 
to the older flowei's, in which the stigma of the now freely 
projecting pistil is open and ready to be fertilised. I proved 
the importance of the gaily-coloured corolla, by cutting off the 
large lower petal of several flowers of MteJm erinifs ; and these 
flowers w^ere neglected by the hive-bees which were incessantly 
visiting the other flowers. 

A capsule "svas obtained by crossing a flow^or of L. rarrma 

* I have adopted the name Mag. of Nat. Hist.’ vol. ii. (4th 

given to this plant in the ‘iiar- scTie.s) 18G8, p. In the allied 

deners’ Chronicle,’ IsGtJ. l"rof. genus Jsotoma, the curious spike 

T. Dyer, however, informt* me which projeeis recfangalaily from 

that it probably is a while Variety the anthers, and which when 

of L. tenuior of Ii. Brown, I'rom shaken causes the pollen to fall 

W. Australia. on the back of an entering insect, 

t See the works of Hildebrand seems to have been developed 

and Delpino. Mr. Farrer also from a brintle, like one of those 

Itas given a ri inarkably clear wliich spring from the anthers in 

descri))tion of the mechanism by some of or all the species of l.o- 

whichcross-fcrtili>atioiiia effected belia, as described by Mr. Farrer, 
in this genus, in the ‘ Annals and 
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with pollen from another plant, and two other capsules from 
ai’tificially self-fertilised flowers. The contained seeds were 
sown on the opposite sides of four pots. Some of the crossed 
seedlings which came np before the others had to be pulled up 
and thrown away. Whilst the plants were very small there was 
not much difference in height between the two lots ; but in Pot 
IIL the self-fertilised were for a time the tallest. When in full 
flower the tallest plant on each side of each pot was measured, 
and the result is shown in the following table. In all four 
pots a crossed plant flowered before any one of its opponents. 


Table LXVIII. 

Lobelia ramosa {First Oenerati(m), 


No. of Pot. 

Tallest CrossMi Plant 
in each Pot. 

Tallest R. If-fertlliaed 
Plant in each Pot, 


Inches. 

Inches. 

I. 

22 J 


II. 

27 j 

24 

III. 

16j 

15 

IV. 

22 j 

17 

Total in inches. 

89*0 

73-5 


The four tallest crossed plants averaged 22 '25, and the four 
tallest self-fertilised 18*37 inches in height ; or as 100 to 82. I 
was surprised to find that the anthers of a good many of these 
self-fertilised plants did not cohere and did not contain any 
pollen ; and the anthers even of a very few of the crossed plants 
were-in the same condition. Some flowers on the crossed plants 
were again crossed, four capsules being thus obtained ; and some 
flowers on the self-fertilised plants were again self-fertilised, 
seven capsules being thus obtained. The seeds from both lots 
were weighed, and it was calculated that an equal number of 
capsules would have yielded seed in the proportion by weight of 
100 for the crossed to 60 for the self-fertilised capsules. So that 
the flowers on the crossed plants again crossed were much 
more fertile than those on the self-fertilised plants again self- 
fertilised. 


K 
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Plants of the Second Generation . — The ftbove two lots of seeds 
were placed on damp sand, and many of the crossed seeds 
germinated, as on the last occasion, befoi^ the self-fertilised, and 
were reject^. Three or four pairs in th^ same state of germina- 
tion were planted on the opposite side| of two pots ; a single 
pair in a third pot ; and all the remaining seeds were sown crowded 
in a fourth pot. When the seedlings wete about one and a half 
inches in height, they were equal on bot|i sides of the three first 
pots ; but in Pot IV., in which they ^ew crowded and were 
thus exposed to severe competition, the crossed were about a 
third taller than the self-fertilised. In this latter pot, when 
the crossed averaged 5 inches in height] the self-fertilised were 
about 4 inches; nor did they look nearly such fine plants. 
In all four pots the crossed plants flowered some days before 
the self-fertilised. When in full flower 6ie tallest plant on each 
side was measured ; but before this time the single crossed 
plant in Pot III., which was taller than its antagonist, had died 
and was not measured. So that only the tallest plant on each 
side of three pots was measured, as in the following table ip- 


Table LXIX. 

Lobelia ramosa (Second Generation). 


No. of Pot. 

, Tallest CroRsed Plant 
j in each Pot. 

Tallest Self-fcrtUlsed 
Plant in each Pot. 


j Inches. 

Inches. 

. I. 

27j 


11. 

; 21 

193 

IV. 

Crowded. 

! 213 

1 

1 

19 

Total in inches. 

1 70 

57 


The average height of the three tallest crossed plants is here 
• 33, and that of the three tallest self-fertilised 19 inches ; or as 
100 to 81. Besides this difference in height, the crossed plants 
were much more vigorous and more branched than the self- 
fertiliBed plants, and it is unfortunate that they were not 
weighed. 
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Lobelia eulgens. 

This species offers a somewhat i)erploxiiig case. In the first 
generation the self-fertilised plants, though few in numl>er, 
greatly exceeded the crossed in height ; whilst in the second 
generation, when the trial was made on a much larger scale, 
the crossed beat the self-fertilised plants. As this species 
is generally propagated by off-sets, some seedlings were first 
raised, in order to have distinct plants. On one of these plants 
several flowers were fertilised with their own pollen; and as the 
pollen is mature and shed long before the stigma of the same 
flower is ready for fertilisation, it was necessary to number each 
flower and keep its pollen in paper with a corresponding numl)er. 
By tliis means well-matured pollen was used for self-fertilisation. 
Several flowers on the siirae plant were crossed with pollen from 
a distin'^t individual, and to obtain this the conjoined anthers of 
young flowers were roughly, squeezed, aiid as it is naturally 
protruded very slowly by the growth of the pistil, it is probable 
that the pollen used by me w’as hardly mature, certainly less 
mature tlian that employed for self-fertilisation. I did not at 
the time think of this source of error, but I now suspect that 
the growth of the crossed plants was thus injured. Anyhow the 
trial was not perfectly fair. Opix)scd to the belief that the 
pollen used in crossing was not in so good a state as that nsed 
for self-fertilisation, is the fact that a greater proportional number 
of the crossed than of the self-fertilised flowers produced cap- 
sules; but there was no marked difference in the amount of seed 
contained in the capsules of the tw^o lots.* 

As the seeds obtained by the above two methods would not 
germinate when left on We sand, they wore sown on the 
opposite sides of four pots ; but I succeeded in raising only a 
single pair of seedlings of the same age in each pot. The self- 
fertilised seedlings, when only a few inches in height, wore in 
most of the pots taller than their opponents ; and they flowered 
so much earlier in all the pots, that the heiglij of the flower- 
stems could be fairly compared only in Pots I, and II. 


* Gartner has shown that cer- 
tain plants of Lohdia fulgem are 
quite sterile with pollen from the 
same plant, though this |wllen is 
efiBoient on any other individual ; 


but nono of the plants on whiob 
I experimented, which were kept 
in tho greenhouse, wore in this 
peculiar condition. 

N 2 
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Table LXX. 

Lobelia fulgens (First Qeneratmi). 


No. of Pot. 

Height of Flower- 
stems on the Crossed 
Plants. 

Height of Flower- 
stems on the vSelf-fer- 
tilised Plants. 


Inches. 

Inches. 

I. 

33 

50 

II. 

36 j 

38J 

111. 

21 

Not in full flower. 

43 

IV. 

12 

Not in lull flower. 

35 f 


The mean height of the flower-stems of the two crossed plants 
in Pots I. and II. is here 31*76 inches, and that of the two self- 
fertilised plants in the same pots 44*25 inches; or as 100 to 127. 
The self-fertilised plants in Pots III. and IV. were in every 
respect very much finer than tlio crossed plants. 

I was so much surprised at this great superiority of the self- 
fertilised over the crossed plants, that I determined to try how 
they would behave in one of the pots during a second growth. 
The two plants, therefore, in Pot 1. were cut down, and repotted 
without being disturbed in a much larger pot. In the following 
year the self-fertilised plant showed even a greater superiority 
than before; for the two tallest flower-stems produced by the 
one crossed plant were only 29j and 30^ inches in height, 
whereas the two tallest stems on the one self-fertilised plant 
were 49| and 49f inches ; and this gives a ratio of 100 to 167. 
Considering all the evidence, there can l)e no doubt that these 
self-fertilised plants had a great superiority over the crossed 
plants. 

Crossed and self-fertilised Plants of tbs Second Generation, I 

determined on this occasion to avoid tlie error of using pollen of 
not quite equal maturity for crossing and self-fertilisation; so 
that 1 squeezed pollen out of the conjoined anthers of young 
flowers for both operations. Several flowers on the crossed plant 
in Pot I. in Table LXX. were again crossed with pollen from a 
distinct plant. Several other flowers on the self-fertilised plant 




Chap. V. 


LOBELIA FULGENS. 


Table LXXI. 


Lobelia fulgem (Second Generation), 


No. of Pot. 

Crossed Plants, 
Height of Flower- 
stems. 

Self-fertilised Plants. 
Height of Flower- 
stems. 


Inches. 

Inches. 

L 

27 i 

32 1 


26 

26 3 


24 i 

25 f 


241 

26} 

11. 

34 

363 


26 i 

28 1 


25 & 

30 J 


26 

32 1 

III. 

40 1 

30 j 


37 1 

283 


32 i 

23 

IV. 

341 

29 1 


32 i 

28 1 


29^ 

26 


27 i 

25 i 

V. 

28 J 

29 


27 

24| 


253 

23 i 


243 

24 

VI. 

333 

44| 


32 

378 


26 i 

37 


25 

35 

VII. 

308 

273 


303 

m 


29 i 

21 

VlII. 

393 

23} 


37 3 

23 1 


36 



36 

25} 

IX 

333 

198 


25 

168 


253 

19 


21} 

188 

Total in inches, I 

1014*00 

921*63 

1 
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in the same pot were again self-fertilised with pollen from the 
anthers of other flowers on the same plant. Therefore the degree 
of self-fertilisation was not quite so close as in the last genera- 
tion, in which pollen from the same flower, kept in paper, was 
used. These two lots of seeds were thinly sown on opposite 
sides of nine pots ; and the young seedlings were thinned, an 
equal numl)er of nearly as possible the same age being left on 
the two sides. In the spring of the following year (1B70), when 
the seedlings had growm to a considerable size, they were 
measured to the tips of their leaves ; and the twenty-three 
crossed plants averaged 14 ‘04 inches in height, whilst the twenty- 
three self-fertilised seedlings were 13*54 inches; or as 100 to 90. 

In the summer of the same year several of these plants 
flowered, the crossed and self-fertilised plants flowering almost 
simultaneously, and all the flower-stems were measured. Those 
produced by eleven of the crossed plants averaged 30*71 inches, 
and those by nine of the self-fertilised plants 29*43 inches in 
Jjeight ; or as 100 to 96. 

The plants in these nine pots, after they had flowered, were 
repotted without being disturbed in much larger pots; and in 
the following year, 1871, all flowered freely; but they had 
grown into such an entangled mass, that the separate plants 
on each side could no longer he distinguished. Accoringly 
three or four of the tallest flower-stems on each side of each 
pot were mea.sured; and the measurements in the preceding 
table are, I think, more trustworthy than the previous ones, 
from being more numerous, and from the plants being well 
established and growing vigorously. 

The average height of the thirty-four tallest flower-stems on 
the twenty-three crossed plants is 29*82 inches, and that of the 
same number of flower-stems ou the same number of self- 
fertilised plants is 27*10 inches; or as 100 to 91. So that the 
crossed plants now showed a decided advantage over their self- 
fertilised opponents. 


Xm POLEMONIACE^.— Nemophila insignis. 

Twelve flowers were crossed with pollen from a distinct plant, 
but produced only six capsules, containing on an average 18*3 
aeeds. Eighteen flowers were fertilised with their own pollen 
and produced ten capsules, containing on an average 12*7 
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seeds; so that the sedl^ per capsuleiwere as 100 to 69.* The 
crossed seeds weighed little less than an equal number of self* 
fertilised seeds, in the jproportion of iOO to 105,; but this was 
, clearly due to some of ^he self-fertilised capsules containing very 
few seeds, and these were much bulkier than the others, from 
having been better nourished. A subsequent comparison of the 
number of seeds in a few capsules did not show so great a 
superiority on the side of the crossed capsules as in the present 
case. * 

The seeds were placed on sand, and after germinating were 
planted in pairs on the opposite sides of live pots, which were 
kept in the greenhou^. When tlio seedlings were from 2 to 
8 inches in height, most of the crossed had a slight advantage 
over the self-fertilised. The plants were trained up sticks, and 
thus grew to a considerable height. In four out of tho five 
pots a crossed plant flowered before any one of the self-fertilised. 


Table LXXII. 

NemophUa msiynis ; 0 means that the plant died. 


No. of ‘Pot. 

Crossed Plants. 

Self-fertiUsed Plants. 


Inches. 

Inches. 

I. 

;«i| 

2ii 

II. 

•34i 

■ 235 

111. 

331 

228 

19 


71 


29 

178 

IV, 

35j 

10| 


33J 

27 

V. 

35 

0 


38 

18J 


36 

20J 


37j 

34 


32j 

0 

Total in inches. 

399*38 

199-00 


* Several species of l^oleiao- 
niaoesB are known to be proter- 
, audrons, but I did hot attend to 
this point in Nemophila. Verlot 


says (‘ Des Varietds,' 1865, p. 66) 
that varieties growing near one 
another spontaneously iutercmss. 
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The plants were first measured to the tips of their leaves, before 
they had flowered and when the crossed were under a foot 
in height. The twelve crossed plants averaged 11 ’1 inches in 
height, whilst the twelve self-fertilised were less than half of this 
height, viz., 5 '45 ; or as 100 to 49. Before the plants had grown 
to their full height, two of the self-fertilised died, and as I feared 
that this might happen with others, they were again measured 
to the tops of their stems, as shown in the preceding table. 

The twelve crossed plants now averaged 83 * 28, and the ten self- 
fertilised 19 • 9 inches in height, or as 100 to (k) ; so that they 
differed somewhat less than before. 

The plants in Pots III. and V. were placed under a net in the 
greenhouse, two of the crossed plants in the latter pot being 
pulled up on account of the death of two of the self-fertilised ; 
so that altogether six crossed and six self-fertilised i)lants were 
left to fertilise themselves spontaneously. The pots were rather 
small, and the plants did not produce many capsules. The 
small size of the self-fertilised plants will largely account for 
the lowness of the capsules which they produced. The six crossed 
plants boro 105, and the six self-fertilised only 30 capsules ; or as 
100 to 29. 

The self-fertilised seeds thus obtained from the crossed and 
self-fertilised plants, after germinating on sand, were planted 


Table LXXIII. 

Nemophila insignis. 


No. of Pot. 

Self-fprtilised Plants 
from UroHsed Plants. 

Self-fcrtilisefl Pl/uits 
from vSoU-fcnlllsed 
Planes. 


Inches. 

Inches. 

I. 

27 

27 i 


14 

348 

il. 

171 

23 



32 

111. 

16 

7 

IV. 

S? 

n 



16 

Total in inches. 

110*13 

147-00 



• 
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on the opposite sides of four small pots, and treated as before. 
But many of the plants were unhealthy, and their heights were so 
unequal — some on both sides being five times as tall as the others 
—that the averages deduced from the measurements in the pre- 
ceding table are not in the least trustworthy. Nevertheless I 
have felt bound to give them, as they are opposed to my general 
conclusions. 

The seven self-fertilised plants from the crossed plants hero 
average 15*73, and the seven self-fertilised from the self-fertilised 
21 inches in height ; or as 100 to 133. Strictly analogous ex- 
periments with Vida tricolor and Lathyms odoratm gave a very 
different result. 

XXIII. BORAGINACEiE. — Bokago officinalis. 

This plai t is frequented by a greater number of bees than 
almost any other one which I have observed. It is strongly 
proterandrous (H. Muller, ' Befruchtung/ dec., p. 207), and the 
flowers can hardly fail to be cross-fertilised ; but should this 
not occur, they are capable of self-fertilisation to a limited 
extent, as some pollen long remains within the anthers, and is 
apt to fall on the mature stigma. In the year 1803 I covered 
up a plant, and examined thirty-five flowers, of which only 
twelve yielded any seeds ; whereas of thirty-five flowers on an 
exposed plant growing close by, all with the exception of two 
yielded seeds. The covered-up plant, however, produced alto- 
gether twenty-five siKjntaneously self-fertilised seeds ; the exposed 
plant producing fifty-five seeds, the product, no doubt, of cross- 
fertilisation. 

In the year 1868 eighteen flowers on a protected plant were 
crossed with pollen from a distinct plant, but only seven of these 
produced fruit; and I suspect that I applied pollen to many of 
the stigmas before they were mature. These fruits contained 
on an average 2 seeds, with a maximum in one of three seeds. 
Twenty-four spontaneously self-fertilised fruits wer«! produced 
by the same plant, and these contained on an average 1*2 seeds, 
with a maximum of two in one fruit. So that the fruits from 
the artificially crossed flowers yielded seeds compared with those 
from the spontaneously self-fertilised flowers, in the ratio of 100 
to 60. But the self-fertilised seeds, as often occurs when few 
are produced, were heavier than the crossed seeds in the ratio of 
100 to 90. 
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Chap, V, 


These two lots of seeds were sown on opposite sides of two 
large pots ; but I succeeded m raising only four pairs of equal 
age. When the seedlings on both sides wore about 8 inches 
in height they were equal When in full flower they “were 
measured, as follows : — 


Table LXXIV. 
Borago officinalis. 


No. of Pot. 

Crossed Plants. 

Self-JSertillsed Plants. 


Indies. 

Inches. 

1. 

19 

133 


21 

183 


16| 

20 J 

11. 1 

26i 

32 1 

Total in inches. 

82-75 

84*75 


The average height of the four crossed plants is here 20*68, and 
that of the four self-fertilised 21*18 inches; or as 100 to 102. 
The self-fertilised plants thus exceeded the crossed in height by 
a little ; but this was entirely due to the tallness of one of the 
self-fertilised. The crossed plants in both pots flowered before 
the self-fertilised. Therefore I believe if more plants had been 
raised, the result would have been different. I regret tliat I did 
not attend to the fertility of the two lots. 


XXIV. NOLANACE^. — ^Nolana peostrata. 

In some of the flowers the stamens are considerably shorter 
than the pistil, in others equal to it in length. I suspected, 
therefore, but erroneously as it proved, that this plant was 
dimorphic, like Primula, Linum, &c., and in the year 1862 twelve 
plants, covered by a net in the greenhouse, were subjected to 
trial. The spontaneously self-fertilised flowers yielded 64 grains 
weight of seeds, but the product of fourteen artificially crossed 
flowers is here included, which falsely increases the weight of 
the self-fertilised seeds. Nine uncovered plants, the flowers of 
which were eagerly visited by bees for their pollen and were no 
doubt intercrossed by them, produced 79 grains weight of seeds: 
therefore twelve plants thus treated would have yielded 106 
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grains. Thus the seeds produced by the flowers on an equal 
nunil>er of plants, when crossed by bees, and spontaneously self- 
fertilised (the product of fourteen artificially crossed flowei*s 
being, howoTer, included in the latter) were in weight as 
100 to 61. 

In the summer of 1867 the trial was repeated ; thirty flowers 
were crossed with pollen from a distinct plant and produced 
twenty-seven capsules, each containing five seeds. Thirty-two 
flowers were fertilised with their own pollen, and produced only 
six capsules, each with five seeds. So that the crossed and self- 
fertilised capsules contained the same number of seeds, though 
many more capsules w^ero produced by the cross-fertilised than 
by the self-fertilised flowers, in the ratio of 100 to 21, 

An equal number of seeds of lK>th lots were weighed, and the 
crossed seeds were to the self-fertilised in weight as 100 to 82. 
Tliorefore a cross increases the number of capsules produced and 
the weight of the seeds, but not the number of seeds in each 
ca])sule. 

These two lots of seeds, after germinating on sand, were 
planted on the opposite sides of three pots. The seedlings 
when from 6 to 7 inches in height were equal. The plants 
were measured when fully grown, but their heights were so 
unequal in the several i)ots, that the result cannot be fully 
trusted. 


Table LXXV. 
Nolana prostrata. 


of Tot. 

Crossed Plante. i Self-fertilised Plants. 


Inches. 

Inches. 

I. 

8 S 

n 



n 

II. 


UJ 

i 

18 

18 

III. * 

20 | 

223 

Total in inches. 

63-75 

67-00 


The five crossed plants average 12 ’75, and the five self- 
fertilised 13*4 inches in height; or as 100 to 105. 
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CHAPTER VI. 


SOLANACE^ PRIMULACEiS, POLYGONE^, ETC. 

Petunia violacea* croeaed and aelf-fcrtiliaed plants compared for four 
genorationa — Effects of a cross with a fresh stock — Uniform colour 
of the flowers on the self-fertilised plants of the fourtli generation 
— Nicotiaua tabacum, crossed and self-fertilised plants of equal 
height — Gr^at effects of a cross with a distinct sub-variety on the 
height, but not on the fertility, of the ofispring— Oyclainen per- 
sicum, crossed seedlings gretitly superior to the self-fertilised — 
Anagallis oollina, — Primula veris — Equ»l-;?tylcd vai udy of Primula 
veris, fertility of, greatly increased by a cross wdth a fresh stock — 
Fagopyrum esculentum — Beta vulgaris — Canna warscowiczi, crossed 
and self-fertilised plants of equal height— Zea mays — Phalaiis 
canoriensis. 


XXV. SOLANACE^E.—Petunta violaoea. 

Dingy purple variety. 

The flowers of this plant are so seldom visited during the day 
by insects in this country, that I have never seen an instance ; 
but my gardener, on whom I can rely, onco saw some humble- 
bees at work. Mr. Meehan says,* that in the United States 
bees lx)re through the corolla for the nectar, and adds that their 
** fertilisation is carried on by night-moths.’* 

In France M. Naudin, after castrating a large number of flowers 
whilst in bud, left them exposed to the visits of insects, and 
about a quarter produced capsules ;t but I am convinced that 
a much larger proportion of flowers in my garden are cross- 
fertilised by insects, for protected flowers which had their 
own pollen placed on the stigmas never yielded nearly a full 
complement of seed ; whilst those left uncovered produced fine 
capsules, showing that pollen from other plants must have been 
brought to them, probably by moths. Plants growing vigorously 
and flowering in pots in the green-house, never yielded a single 


* * Proc. Acad. Nat. Sc. of Phil- 
adelphia/ Aug. 2mi 1870, p. 90. 
Prof. Hildebrand also iu forms mo 
that moths, especially Sphinx con- 
volvidif largely haunfc the flowers 


in Germany. So it is, as I hear 
from Mr. Boulger, with moths in 
England. 

t ‘Annalcs des Sc. Nat.* 4th 
series, Bot. tom. ix. cha, 5. 
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capsule ; and this may bo attributed, at least in chief part, to 
the exclusiou of moths. 

Six flowers on a plant covered by a net were crossed with 
pollen from a distinct plant and produced six capsules, containing 
by weight 4 ’44: grains of seed. Six other flowers were fertilised 
with their own pollen and produced only three capsules, con- 
taining only 1*49 grain weight of seed. From this it follows 
that an equal number of crossed and self-fertilised capsules would 
have contained seeds by weight as 100 to G7. I should not have 
thought the proportional contents of so few capsules worth 
giving, had not nearly the same result been confirmed by several 
subsequent trials. 

Seeds of the two lots were placed on sand, and many of the 
self-fertilised seeds germinated before the crossed, and were 
rejected. Several pairs in an equal state of germination were 
planted on the opposite sides of Pots I. and II. ; but only the 
tallest plant on each side was measured. Seeds were also sown 
thickly on the two sides of a large pot (III.), the seedlings being 
afterwards thinned, so that an equal number was left on each 
side ; the three tallest on each side being measured. The pots 
were kept in the greenhouse, and the plants were trained up 
sticks. For some time the young crossed plants had no ad- 
vantage in height over the self-fertilised; but their leaves 
were larger. "When fully grown and in flower the plants were 
measured, as follows : — 

Table LXXVI. 


Petunia violacta (^First Generation'). 


No. of Pot. 

Crossed Plants. 

Sijlf-fertilised Plants. 

I. 

Inches. 

30 

Inches. 

20 j 

II. 


27j 

UI. 

34 

2S| 


30J 

27 i 


25 

26 

Total in inches. 

154 

130 


The five tallest crossed plants here average 30*8, and the five 
tallest self-fertilised 26 inches in height, or as 100 to 84. 
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Three capsules were obtained by crossing flowers on the 
above crossed plants* and three other capsules by again self- 
fertilising flowers on the self-fertilised plants. One of the latter 
capsules appeared as fine as any one of the crossed capsules ; 
but the other two contained many imperfect seeds. From these 
two lots of seeds the plants of the following generation were 
raised. 

Qmued and self -fertilised Plants of the Second Generation . — As in 
the last generation, many of the self-fertilised seeds germinated 
l>efore the crossed. 

Seeds in an equal state of germination were planted on the 
opposite sides of three i^ots. The crossed seedlings soon greatly 
exceeded in lieight the self-fertilised. In Pot I., when the tallest 
crossed plant was lOi inches high, the tallest self-fertilised was 
only 3i inches ; in Pot II. the excess in height of the crossed was 
not quite so great. The plants were treated as in the last gene- 
ration, and when fully grown measured as before. In Pot III. 
both the crossed plants wore killed at an early age by some 
animal, so tliat the self-fertilised had no competitors. Neverthe- 
less these two self-fertilised plants were measured, and are in- 
cluded in the following table. The crossed plants flowered long 
before their self-fertilised opponents in Pots I. and II., and before 
those growing separately in Pot III. 

Table LXXVIL 


Petunia violacea (Second Generation). 


No. of Pot. 

I. 

Crossed Plants. 

Incbes. 

36 1 

Self-fertilised Plants. 

Inches. 

133 

8 

II. 

24 1 

33 J 

1 28 

III. 

0 

i 463 


0 

I 283 

Total in inches. 

I62-0 1 

157-5 


The four crossed plants average 40-5, and the six self-fer- 
tilised 26*25 inches in height; or os 100 to 65. But this great 
inequality is in part accidental, owing to some of the self- 
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fertilised plants being very short, and to one of the crossed being 
very tall. 

Twelve flowers on these crossed plants were again crossed, and 
eleven capsules wd:e produced ; of these, five were poor and six 
good; the latter contained by weight 3*75 grains of seeds. 
Twelve flowers on the self-fertilised plants were again fertilised 
with their own pollen and produced no less than twelve capsules, 
and the six finest of these contained by weight 2 '57 grains of 
seeds. It should however be observed that these latter capsules 
were produced by the plants in Pot III., which were not exposed 
to any comi^etition. The seeds in the six fine crossed capsules 
to those ill the six finest self-fertilised capsules were in weight 
as 100 to 68. From these seeds the plants of the next generation 
were raised. 

Crossed and self-fertilised Flards of the Third Generation, — The 
above seeds were placed on sand, and after germinating were 
planted in pairs on the opposite sides of four pots ; and all the 
remaining seeds were thickly sown on the two sides of a fifth large 
pot. The result was surprising, for the self- fertilised seedlings 
very early in life beat the crossed, and at one time were nearly 
double their height. At first the case appeared like that of 
Mimuhu?, in which after the third generation a tall and highly 
self-fertile variety appeared. But as in the two succeeding 
generations the crossed plants resumed their former superiority 
over the self-fertilised, the case must be looked at as an anomaly. 
The sole conjecture which I can form is that the self-fertilised 

Table LXXVIII. 


Petunia violacea (Third Generation ; idants very young). 


No. of Pot. 

Crossed Plants. 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 

M 

58 


1 


II. 


n 



III. 

4 


IV. 

ij 

j 

Total in inches. 

19*63 

1 36'50 
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Beedis bad not been Bufficiently ripened, and thns produced 
weakly plants, which grew at first at an abnormally quick rate, 
as occurred with seedlings from not well-ripened self-fertilised 
seeds of Iberis. When the crossed plants were between 3 and 4 
inches in height, the six finest in four of the pots were measured 
to the summits of their stems, and at the same time the six 
finest of the self-fertilised plants. The measurements are given 
in the preceding table (LXXVIII.), and it may be here seen that 
all the self-fertilised plants exceed their opponents in height, 
whereas when subsequently measured the excess of the self- 
fertilised depended chiefly on the unusual tallness of two of the 
plants in Pot 11. The crossed plants here average 8*27, and 
the self-fertilised 6*08 inches in height; or as 100 to 186. 

When fully grown they wore again measured, as follows 

Table LXXIX. 


Petunia violacea (Third Generation ; plants fully grcnmi)^ 


No. of Pot. 

Crossed Plants. 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 


40J 


48 

39 


36 

48 

II. 

36 

47 


21 

80 j 


36| 

86 j 

III. 

52 

1 

46 

1 

IV. 

57 

43 g 

Total in inches. 

1 327-75 

i 

431-00 


The eight crossed plants now averaged 40 ’ 96, and the eight self- 
fertilised plants 53 * 87 inche.? in height, or as 100 to 131 ; and this 
excess chiefly depended, as already stated, on the unusual tallness 
of two of the self-fertilised plants in Pot U. The self-fertilised 
had therefore lost some of their former great superiority over the 
crossed plants. In three of the pots the self-fertiii^ plants 
flowered first ; but in Pot III. at the same time with the crossed. 

The case is rendered the more strange, because the crossed 
plants in the fifth pot (not included in the two last tables), in 
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which all the remaining seeds had been thickly sown, were from 
the first finer plants than the self-fertilised, atid had larger 
loaves. At the period when the two tallest crossed plants in 
this pot were and inches high, the two tallest self-fertilised 
were only 4 inches. When the two crossed plants were 12 and 
10 inches high, the two self-fertilised wore only 8 inches. Those 
latter plants, as well as many others on the same side of this«pot, 
never grew any higher, whereas several of the crossed plants 
grow to the height of two feet! On acrcoiint of this great 
8uj)eriority of the crossed plants, the i)lants on neither side of 
this pot have been included in iho two last tables. 

Tliirty flowers on the crossed plants in Pots I. and IV. (Table 
LXXIX.) were again crossed, and produced seventeen capsules. 
Tliirty flowers on tho solf-f(Ttilised plants in the same two pots 
were again self-fertilised, but produced only seven capsules. 
The consents of each capsule of both lots were placed in separate 
watch-glasses, and the seeds from the crossed a}>pe.ared to tho 
eye to bo at least double tho number of thoKSo from tlie self- 
fertilised capsules. 

In order to ascertain whether the fertility of the self-fertilised 
plants had Ixioii lessened by the. plants having boon solf-forti- 
lised for tho throe previous generations, thirty flowers on the 
crossed plants were fertilised with their own pollen. These 
yielded only five capsules, and their seeds being placed in 
Hoparato watch-glasses did not seem more numerous tlian those 
from the capsules on the s(df-fertilised plants self-fertilised for 
the fourth time. So that as far as can l>e judged from so few 
(‘.apsiilcs, the self-fertility of Iho sclf-fortilisod plants had not 
doereasod in comparison with that of the plants which had 
boon inttTcrossed during tho throe j^revious generations. It 
should, however, bo reinemlxired that both lots of plants 
had boon subjected in each generation to almost exactly similar 
conditions. 

8eeds from tho crossed plants again crossed, and from the self- 
fertilised again self-fertilised, produced by tho plants in Pot I. 
(Table LXXIX.), in which the three self-fertilised plants w(;ro 
on an average only a little taller than tho crossed, were used in 
the following experiment. They wore kept separate from two 
similar lots of seeds produced by the two iflants in Pot IV. in 
the same table, in which the crossed plant was much tailor than 
its self-fertilised opponent. 

Grossed and sdf ^fertilised Plants of the Fourth Gmeraiion 

O 
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{raised from the Plants in Pot L, Table LXXIX.), — Crossed and 
self-fertilised seeds from plants of the last generation in Pot I., 
in Table LXXIX., were placed on sand, and after germinating, 
were planted in pairs on Iho opposite sides of four pots. Tho 
seedlings when in full flower were measured to the base of the 
calyx. Tho remaining seeds were sown crowded on the two 
sides of Pot V. ; and the four tallest plants on each side of this 
pot were measured in the same manner. 

Table LXXX. 

Petunia violacf'a {Fourth Generation ; raised from Plants of the 
Third Generation in Pot J., Table LXXIX.), 


No. of Pot. 

Crossfd Plants. 

Self-fertilised Plants. 


Indus. 

Indies. 

I. 

295 

305 



34 8 


40 

318 

11. 

33 J 

31 S 


37 g 

.38 J 


66 1 

38 J 

III. 

46 

45 J 


C7i 

45 


545 

23 i 

IV. 

SIS 

34 


51J 

0 

V. 

49 J 

22i 

Crowded rdants. 

4lij 

1 24 1 


i<) 

24| 


53 

30 

Total in inches. 

j 701*88 

453*50 


The fifteen crossed plants average 46*79, and tho fourteen 
(one having died) self-fertilised plants 32*39 inches in height; or 
as 100 to 69. So that the crossed plants in this generation had 
recovered their wonted superiority over the self-fertilised plants; 
though the parents of tho latter in Pot I., Table LXXIX., were a 
little taller than their crossed opponents. 

Grossed a/nd self •fertilised Plants of the Fourth Qeneratim 
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(raised from ihe PlanU in Pot /F., in Table LX XIX .), — 1 
similar lots of seeds, obtained from tbe plants in Pot IV. in 
Table LXXIX., in which the single crossed plant was at 
first shorter, but ultimately much taller than its self-fertilised 
opponent, were treated in every way like their brethren of the 
same generation in tlie last experiment. We have in the follow- 
ing Table LXXXI. the measurements of the present x>lants. 
Although the crossed plants greatly exceeded in height the self- 
fertilised ; yet in three out of the five pots a self-fertilised plant 
flowered before any one of the crossed ; in a fourth pot simul- 
taneously ; and in a fifth (viz., Pot II.) a crossed plant flowered 
first. 


Table LXXXI. 

Petunia vioiacea {^Fourth Generaiion ; raised from Plants of the 
Third Geueration in Pot /F, Table LXXIX.). 


No. of Pot. i 

Crossed Plants. 

S<‘lf*fi'i*tiilse(i Plants. 


Inches. j 

Inches. 

I. 

4G 

30 g 



‘28 

11, 

r,og 

25 


40 1 



3'^ 

224 

III. 


22 J 


61^ 

26 S 


45 

32 

IV. i 

1 30 

m 

i 

1 

294 

26 

V. 

374 

402 

Crowded plants. 

63 

m 


41 i 

17 j 

Total in inches. 

581*63 

349-38 


The thirteen crossed plants here average 44 '74, and the 
thirteen self-fertilised plants 26*87 inches in height; or as 100 
to 60. The crossed parents of these plants were much taller, 
relatively to the self-fertilised parents, than in the last c^se ; and 
apparently they transmitted some of this superiority to their 

o 2 
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crossed offspring. It is unfewrtunate that I did not turn these 
plants out of doors, so as to observe their relative fertility, fot 1 
compared the pollen from S 9 m 0 of the crossed and self-fertilised 
plants in Pot I., Table LXXXI., and there was a marked dif- 
ference in its state ; that of the crossed plants contained hardly 
any bad anli'erapty grains, whilst such abounded in the pollen 
of the self-fertilised plants. . 

77?e Kjfects of a Cms with a frtfih procured from a 

garden in Westerham, whenae my plants originally camcj, a 
fresh plant .differing in no reHj>ect from mine except in the 
colour of the flowers, wjii<*h wtis a fine ])iirple. But this plant 
must have been exposed daring at least lour generations to very 
different conditions from those to which my plants had been 
subjected, ks tljese bad boon grown in ]^ots in the green- 
honso. Eight llow(;rs on tlie self-fertilised tplants in Table 
•LXXXI., of the last or fourth self-fertilised generation, were 
fertijjsed with pollen from this fresh stock ; all eight produced 
capsules containing together by wxn'ght b‘01 grains of seeds. 
The plants raised from these seeds may be called the Wcsterhfim- 
crossi'L 

Eight flowers on the crossed plants of the last or fourth genera- 
tion in Table LXXXI. were again crossed with pollen from one 
of the pther crossed plants, and produced five capsules, contaiu- 
ing by weight 2*07 grains of seeds. The plants raised from 
these seeds may be called the intercrossed ; and tliese form the 
iiflh intercrossed generation. 

Eight flowcTs on tho self-fertilised plants of the same genera- 
tion in Tabic LXXXI. were again self-fertilised, and produced 
seven capsules, contaitiing by weight 2'1 grains of seeds. The 
self -fertilised plants raised from these seeds form the fifth self- 
fertilised generation. Tliese latter plants and the intercrossed 
"are Comparable in all respects with.the crossed and self-fertilised 
l^lants of the four x>rcviouq^ generations. 

S^rom the foregoing datc^ it is easy to calculate that, 

\ Gr. Wedjht 

* of Seed. 

on Westerham-crossed capsules would have contained 6 * 20 
Ten intercrossed capsules would have contained . . 4*14 

Ten self-fertilised capsules would have cojitained . 3 ’00 

We ^us get the following ratios : — 
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Seeds from the ^Vesto^rlJam-croRsecl capbnles to 
those from tlio capsftles of tlio fifth self-fer- 
tilised generation, in weight . % , as 100 to 4S 

Seeds from tlu* Westcrliam-crosscd ea])sulcs to 
those fiom the capsules of the fifth intercrossed 
g(‘li('ration ...... as 100 to GO 

Seeds from the intercrossed to those from tlio * 
self-fertilised capsuhvs , . . .as 100 to 7*2 

So that a cross with ])oUen from a,fresh slock greatly increas<^d 
the productiveness of t)je Ikmersoti jdaiits whk-h hacl been self- 
fertilised for the four previous genemtions, in cdtnparison not 
only with the floweis on the sanu* plants self-fertilised for the fifth 
time, but with the flowers on the crossed plants crosfw'd with 
jiolk'ii from another plant of the same old sloc’k for the fifth 
lime. 

Tliese three lots of seeds W(*re i^acinl on sand, and ■were 
]>lan1cd in an equal state of germination in seven ])ots, each made 
trijiartite by three su]){'rticial partitions. Sonu' of the remaining 
sei'ds, vlietlur or not in a state of germination, were thickly 
sown in an <’ightli pot. The jiots kept in the greenhouse, 
and the plants trained U]> sticks. Tbt‘y were first meafiured to 
tin* tops of tlu‘ir stems xvlieii coming into flower ; and the twenty- 
two W’esterhani-crossed plants then aAoniged 2o-51 inches; fhe 
twenty-three intercrossed plaiitB 30*38; and the twenty-tliieo 
self-feHilised ])lantB 23*40 inches in height. "We thus got the 
following ratios: — 

'J4ic AV ester ham-crussed plants in height to Iho 

si'lf-fortilised as 100 to 01 

The AVesterham-crossed plants in height to the 

intercrossed ns 100 to 119 

The intercrossed plants in height to 4 he solf- 
fi'rtilised as 100 to 77 

These jilants vore again measured wdicn their growth apiieared 
on a casual inspection to bo coniplcfto. Hut in this! was mis- 
taken, for after cutting them down, I found that the siiihmits 
of the steins of the Westerham-crossed plants were still growing 
vigorously; whilst the intercrossed had almost, and Hie self- 
fertilised had finite completed their growth. Th(‘rafore J do 
not doubt, if the tliroo lots had been Jloft to grow for another 
month, that the ratios would have boon somewhat different 
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from those deduced from the measiiremetits in the following 
table 

Table LXXXII. 


* 

No. of Pot. 

^ ^ , 

Plants ' 

iS rri 


j Inclu's. 

J InciiPs. 

Indus. 

1. 

! 

i 

36^ 


i 

1 -o 



o8‘> 

; 313 

II. 

! 48 Z 

1 r>oi 

! 41i 


I 

i 53 



1 

l*^S 

III. 

&2 

i 52 1 




34 f 

i 45 


«2J 

1 

1 

IV. 

-Pa 

. m 

1 :\7i 


I 6.^ g 

■m 

1 


i 59 « 

32 J 

V. i 


35 f 

4lf 

i 

r,:]j 

343 

26 » 

j 

53^ 

MS 

0 

VT. 

S7I 

56 

4fiJ 


61 


29 S 


0 


Uj 

VII. 

59 g 

51 

43 


48^ 

49g ! 

121 

1 

50 1 

0 1 

0 

vni. 1 


38^ 

215 

Crowded. 

‘S( 

44 1 


Total in inches. | 

1051*25 

1190*50 

697*88 


The twenty-one Wcsterham-crossed plants now averaged 50*05 
inches; th^ tw*enty-two intercrossed ])lants, 54*11 inches; and 
the twenty-one self-fertilised plants, 33*23 inches in height. W© 
thus get the following ratios ; — 
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The Westerham-crossed plants in height to the 
«clf-fertilised . . . . . .as 100 to 06 

The Westcrhara-crossod plants in height to the 
intercrossed . . . . . .as 100 to 108 

The intercrossed plants in height to the self- 
fertilised . . . . . . .as 100 to G1 

We here see that the Westerham-crossed (the offspring of 
plantvS self-fertilised for four generations and then crossed with a 
fresh stock) have gained greiitly in height, since they were first 
mcasarcid, relatively to the j hunts self-fertilised for five genera- 
tions. They w'ore then as 100 to 91, and now* as 100 to 06 in 
lieight. Tlio intercrossed ]>lants (i.e., those which had been in- 
tercrossed for the last live generations) likewise exceed in 
height the self- fertilised plants, as <x*curr<‘d in all the previous 
generatiors xvith the oxcc}>tioii of tlio abnormal plants of the 
third generation. On the other hand, the Wcsterhain-crosscfl 
plants are exceeded in height by the intercrossed ; and thi< is a 
surprising fact, judging from most of the other strictly ai^alogoiis 
cases. But as the Westerh am-crossed plants were still growing 
vigoroasly, while the intercrossed had almost coast'd to glow, 
there can hardly 1x3 a doubt that if left to grow for another 
month they would have lx3at(m the intercrossed in height. That 
they were gaining on tlicrn is clear, as when measured Uffore they 
“Were as 100 to 119, and now as only 100 to 108 in height. The 
Wtster ham-crossed plants had also leaves of a clarktT green, and 
looked altogether more vigorous than the intercros.sod ; and what 
is much more iinjiortant, they ])roduced, as wo shall presently 
sec, much heavier sood-capsulos. So that in fact the offspring 
from the 8elf-fortili.s(3(i i)lants of the fourth goiuu’ation crossed by 
a fresh stock were superior to the intercrossed, as well as to the 
self-fertilised plants of the fifth generation —of which latter fact 
there could not 1 h 3 the least doubt. 

These three lots of plants were cut down close to the ground 
and w'cighod. The twenty-one Wostorliam-croascid plants W’eighod 
32 ounces ; the twenty-two intercrossed plants, 34- onuces, and the 
twenty-one self-fertilised plants Tt ounces. The following ratios 
ave calculated for an equal number of plants of oacli kind. But 
as the self-fertilised plants were just beginning to wither, their 
relative weight is here slightly too small; and as the Westerham- 
crossed were still growing vigorously, their relative weight 
with time allowed would no doubt have greatly increased. 
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The Westerbaiii-crosscd plants in weight to 

' the self-fertilised as 100 to 22 

The \VesttTham-t^rossed plants in weight to 

^ the intorcrosKed as 100 to 101 

The intercrossed plants in weight to tho self- 
fertilised as 100 to 22*3 

We here >s('e, judging by weight instead of as before by height, 
that the WestcrhaniK'rosscd and the intercrossed have an 
iinineuso advantage over the self-fertilised. The Westerham- 
crossod are inferior to the intercrossed hy a mere trifle ; but it is 
almost certain that if they had been allowed to go on growing for 
another month, the former would have comiflctcly iKjatcn the 
latter. 

As I had an abundance of seeds of the same three lots, from 
which the foi’ogoing plants had been raised, these were sown in 
three long parallel and adjoining rows in the open ground, so os to 
ascertain whether under these circumstances the ixssults would he 
nearly the same as l>efore. Late in the autumn (Nov. 13) the ten 
tallest plants were carefully selected out of each row, and their 
heights measured, with the folJow’iiig result 


Table LXXXITI. 


PHanlfi viohicca (jtlanta growing in the open groiiwf). 


Wpstfrliatn-oroswxl 
n.mtK (frum St-lf- 

Plants ol'the 
Ooijf'rauoii 
cros*t by a 

Siock). 

IntfrcroRsed Plants 
(Plants of one and ibo 
same Stock iutci- 
croBMnl lor I’lVt: 
Of'Uerutlonx). 

S’U-fertillHfd Plants 
(Scif-tertiHst'd tor 
Five Generations). 

inchca. 

Iticluitt. 

Inches. 


38 

27 i 





' i 

20 


i 7 


m 

36 

22 J 

36 1 

41^ 

23 >1 

. 40J 

37 j 

211 

37 1 

4U 

23 1 

3«| 


21 ;{ 

38 1 

36 

21^ 

366*75 

382*75 

233*13 
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The ten WcKterham-orossed plants here average 36 *07 inches 
in height ; the ten intercrossed plants, 38*27 inches ; and the ten 
self-fertilised, 23 * 31 inches. These three lots of plants were also 
weighed ; the Westerham-crossod plants weighed 28 ounces ; the 
intercrossed, 41 ounces; and the self-fertilised, 14*75 ounces. 
Wo thus get the following ratios : — 

The Westerham-crossed plants in height to the 

self-fertilised as 100 to 63 

The Westerham-crossed plants in weight to the 
self-fertilised ...... as 100 to 53 

The Westerham-crossed plants in height to the 
intercrossed ...... as 100 to 104 

The Westerham-crossed plants in wciglai to the 

intercrossed as 100 to 146 

The intercrossed plants in height to the self- 
fertilised ....... as 100 to 61 

The iiihintrossed plants in W'cight to the self- 
fertilised ....... as 100 to 36 

Here the relative heights of the throe lots are iiearly the same 
(within three or four per cent.) as with the plants in the pots. 
In weight there is u much gn^ator difference : the Westerham- 
(^rossod exceed the self-fertilised hy much less than they did 
before; hut the self-fertilised plants in the pots had become 
slightly withered, as before stated, and were in consequence 
unfairly light. Tlie Wcsterhaiu-crosscd plants are here inferior 
in weight to the intercrossed plants in a much higher degree 
than in the pots ; and this a))peared due to their Ixiing much 
less branched, owing h) their having germinated in greater 
numbers and consequently l>oing much crowded. Their leaves 
were of a brighter green than those of the intercrossed and 
self-fertilised plants. 

lielative FirtUity of the Three Lots of Plants, — None of the ]>lants 
in pots in the greenhouse ever produced a cax>sule ; and this may 
bo attributed in chief part to the exclusion of motlis. There- 
fore the fertility of the three lota could be judged of only by that 
of the plants growing out of doors, wliich from being left 
uncovered were prol>ably cross-fertilised. The plants in the 
three rows wore exactly of the same age and had l^en subjected 
to closely similar conditions, so that any difference in their fer- 
tility must be attributed to their different origin ; namely, to the 
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one lot being doriyod from plants self-fortilised for four gcnora- 
tions and then crossed with a fresh stock ; to the second lot l)cing 
derived from plants of the stime old stock intercrossed for five 
generations ; and to the tliird lot being derived from plants self- 
fertilised for five generations. All the capsules, some nearly 
mature and some only half-grown, were gatlieixul, counted, and 
weighed from the ten finest plants in each of the three rows, of 
which the measurements and weiglils have already boon given. 
The intercrossed plants, as wo have seen, were tailor and con- 
siderably lieavier than the plants of the other two lots, and they 
produced a greater num)K)r of capsules than did even the 
Wester ham-crossod plants; and this maybe attributed to tlie 
latter having grown more crowded and being in consequence less 
branched. Therefore the average weight of an equal number of 
capsules from each lot of plants seems to be the; fairest stamlard 
of comparison, as their weights will have been determined <?.hjcfly 
by the numlior of the included seotls. As the intercrossed plants 
were tailor and heavier than the plants of the otlier two lots, it 
might have been exi>ected that they would have producedlhe finest 
or lieaviost cnjisules ; but this \vas very far from being the ease. 

The ton tallest Westerham-crossed plants produced 111 ri^ie 
and unripe capsules, weighing 121 ‘2 grains. Therefore 100 of 
such capsules would have w'eighed 100 '18 grains. 

The ten tallest iiiterci‘o.s.sed jilants produced 120 capsules, 
weighing 70*45 grains. Therefore 100 of these capsules would 
have weighed 59 '20 grains. 

The ten tallest selMcrtiliscd plants proiluced only 44 capsules, 
weighing 22*35 grains. Therefore 100 of these capsules would 
have weighed 50*79 grains. 

From these data wo ged the following ratit>s for the fertility of 
the throe lots, as deduced from tlie relative weights of an equal 
number of capsules from the finest plants in each lot 

Westerham-crossed plants to self-fertilised 

plants as 100 to 4G 

Westerham-crossed plants to intercrossed plants as 100 to 54 
Intercrossed plants to self-fertilised plants . as 100 to 86 

We here see how potent the influence of a cross with pollen 
from a fresh stock has been on the fertility of plants self-fertilised 
for four generations, in comparison with plants of the old stock 
when either intercrossed or self-fertilised for five generations; the 
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flowers on all these plants having txjen left to be freely crossed 
by insects or to fertilise themselves. The West erh am-crossed 
plants wore also much taller and heavier plants than the self- 
fertilised, both in the ix)ts and open ground ; but they were less 
tall and heavy than the intercrossed plants. This latter result, 
however, would almost certainly have been reversed, if the 
plants liad been allowed to grow for another month, as the 
Wes ter ham-crossed were still growing vigorously, whilst the 
intercrossed had almost ceased to gi*ow. This case reminds us of 
the somewhat analogous one of Eschsc.holtzia, in which plants 
raised from a cross with a fresh stock did not grow higher than 
the self- fertilised or intercrosse<l plants, but produced a greater 
number of seod-capsulcs, -which contained a far larger average 
number of seeds. 

Colour (f thti FIooutr on the alovc Three Lot s of Plants. — The 
original mother-plant, from which the five successive self-fertilised 
generations were raistid, lx)re dingy pnr}>le flowers. At no time 
was any selection practised, and the plants were subjected in 
each generation to extremely uniform conditions. The result 
was, as in some previous cases, ^ that the flowers on all tlie self- 
fertilised plants, both in the pots and open ground, were 
absolutely uniform in tint; this Ixdng a dull, rather pecnliar 
flesh colour. This uniformity was very striking in the long row 
of plants growing in the o])en ground, and tliese first attracted 
my attention. I did not notice in which generation the original 
colour began to change and to Ixcomo uniform, but I have every 
reason to Mieve that the change was gradual. The flowers on 
the intercrossed plants were mostly of the same tint, hut not 
nearly so unifoim as those on the self-fertilised plants, and many of 
them were pale, approaching almost to white. The flowers on the 
plants from the cross with the purple-flowered Westerbam stock 
w^ero, as might have been ox))cctcd, much more purple and not 
nearly so uniform in tint. The self-fertilised plants were also 
remarkably uniform in height, as judged by the ey^; the inter- 
crossed less so, wliilst tlie Wosterham-crossed plants varied much 
in height. 


Nicotiana tabacum. 

This plant offers a curious case. Out of six trials with crossed 
and self-fertilised plants, belonging to three successive genera- 
tions, in one alone did the crossed show any marked snixsriority 
in height over the self-fertilised ; in four of the trials they were 



204 KIOOTIAKA TAJUCUM. Chat. VI. 

apprcttiimately equab, and in ono (i.e., in the first genomtion) 
the self-fertilised plants were greatly superior to tlie crossed. 
In no case did the capsules from flowers fertilised wdth pollen 
from a distinct plant yield many more, and sometimes they yielded 
much fewer seeds than the capsules from self-fertilised flowers. 
But when the flowers of one yaricty were crossed with iiollen 
from a slightly different variety, which had growm nnder 
somewhat different conditions,— that is, by a fresli stock, — the 
seedlings derived from this cross exceeded in height and weight 
those from the self-fertilised flowers in an extraordinary degree. 

Twelve flowers on some plants of the common tobacco, raised 
from xjurchased seeds, were crossed with pollen from a distinct 
plant of the same lot, and those produced ten capsules. Twelve 
flowers on the same plants were fertilised w^ith their own ])ollcn, 
and produced eleven capsules. The seeds in the ten crossed 
capsules weighed 31*7 grains, whilst those in ten of the self- 
fertilised capsules weigbetl 47*67 grains; or as 100 to loO. The 
much greater productiveness of the self-fertilised than of tlie 
crossed capsules can hardly be attributed to chance, as all the 
capsules of both lots were very fipe and liealthy ones. 

The seeds were placed on sand, and several jiairs in an equal 
state of germination were planted on the op])osite sides of three 
pots. The remaining seeds wore thickly sown on the two sides 
of Pot IV., so that the plants in this pot were much crowded. 
The tallest plant on each side of each jKJt was measured. Whilst 
the plants were quite young the four tallest crossed plants 
averaged 7*87 inches, and the four tallest self-fertilised 14*87 
inches in height; or as 100 to 189. The lieights at this age arc 
given in the two left-hand columns of the following table. 

W hen in full flower the tallest plants on each side were again 
measured (see the two right-hand columns), with the following 
result. But I should state that the jjots were not large enough, 
and the plants never grow to their proper height. The four 
tallest crossed plants now averaged 18*5, and the four tallest 
self-fertilised plants 32*75 inches in height; or as 100 to 178. 

In all four pots a sell -fertilised plant flowered before any one of 
the crossed. 

In Pot IV., in which the plants were extremely crowded, the 
two lots were at first equal; and ultimately the tallest crossed 
plant exeseeded by a trifle the tallest self-fertilised plant. This 
recalled to my mind an analogous case in the one generation of 
Petunia, in which the self-fertilised plants were throughout 
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Table LXXXIV. 


Nicotiana tahurum {Fh st Geurration). 



May 20 , 

T)ectftTibf'r 6, 1H6S. 

No. of Pol. 

Crex^ed 

Plants. 

j St'lf-frrtillsed 

1 Plants. 

CrosFk'd 
; Plants. 

Solf-fc!-tlliivd 

Plants. 

I. 

Incln-8. 

JnrhCb. 

iiu ln‘S. 

4o 

Inches. 

44 

11.^ 



i 

43 

ill. 

8 

IP 

! 18 

: 

;ir) 

IV. 

('’rowdod. 

5 

i 

1 

1 5 

i 

iij 

1 

> 11 

Total ini 
iiK'bos./ 

1 31-5 j 

; [ 

50-5 ! 

i 

i 

74-0 1 

KU-O 


their growth taller tiian the crossed iu all the pots except 
in the crowded one. Accordingly another trial was made, and 
some of the same crossed and self-ftTtiljsed seeds of tobacco 
\vo»e sown thickly on opposite sides of two additional pots ; tho 
])lants being left to grow nj> ninch crowded. When they were 
between 18 and 14 inches in height there was no difieronce 
botw^een the two sides, nor was tlicre any marked difference 
when the plants had grown as tall as they could ; for in one pot 
the tallest crossed plant was 2()i inches in height, and exceeded 
by 2 inches tlio tallest self-fertilised plant, whilst iu the other 
pot, tlio tallest crossed ])lant w^as shorter by 3-1 inches than the 
tallest self-fertilised plant, which was 22 inches iu height. 

As tho Iolanta did not grow to their proper height in tho above 
small pots in Table LXXXIV., four crossed and four self-feidilised 
plants were raised from the same seed, and w^ero phuital in pairs 
on the opposite sides of fonr very largo pots containing rich soil ; 
so that they wore not exix)sed to at all severe mutual competition. 
When those plants were in flower 1 neglected to measure them, 
but record in my notes that all four solfffertilised plants ex- 
ceeded in heighi. the four cro.ssod plants by 2 or 3 inches. We 
have scon that tlio flowers on the original or iwent-])lants which 
were crossed with pollen from a distinct plant yielded much fewer 
seeds than those fertilised with their own pollen ; and tlie trial 
just given, as well as that in Table LXXXIV., show ns clearly 
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that the plants raised from the crossed seeds were inferior in 
height to those fi-om the self-fertilised seeds ; but only when not 
greatly crowded. When crowded and thus subjected to very severe 
competition, the crossed and self-fertilised plants were nearly 
equal in height. 

Crosaed and sdf-ftrtiHsed Plants of the Second Generation , — 
Twelve flowers on the crossed plants of the last generation 
growing in the four large pots just mentioned, were crossed with 
ix)llcn from a crossed plant growing in one of the other pots ; 
and twelve flowers on the self-fertilised plants wore fertilised 
with their own pollen. All these flowers of both lots pro- 
duced fine cax)sules. Ten of the crossed capsules contained by 
weight 38-92 grains of seeds, and ten of the self-fertilised 
capsules 37*74 grains ; or as 100 to 97. Some of these seeds in 
an equal state of germination were planted in pairs on the 
opposite sides of five large pots. A good many of the crossed 
seeds germinated before the self-fertilised, and were of course 
rejected. The plants thus raised were measured when several 
of them were in full flower. 

Table LXXXV. 


Nicotinna iahtcum (Second Generation'). 


No. of Pot, 

Crossed Plants. 

1 

Self-fcrtilisod Plants, 


Inches. 


I. 




7S| 

83 


9 

5(5 

11. 

GOJ 

1.53 


443 

7 


V) 

50 1 

111. 

57 i 

87 (A) 


n 

81 K«) 

IV. 

n 

19 


51 

43 1 


69| 

4 

V. 

j 9SJ 

i 


291 

3 

Total in indies. 

511 '63 

413*75 
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The thirteen crossed plants here average 39 '35, and the 
thirtooii self- fertilised plants 31*82 inches in height; eras 100 
to 81. But it would be a very much fairer plan to exclude all 
the starved phints of only 10 inches and under in height ; and 
in this case the nine remaining crossed plants average 63*84:, 
and the seven remaining sc^lf-fertilised plants 51*78 inches in 
height, or as 100 to 96 ; and this difference is so small that the 
crossed and self-feililised plants may be considered as of equal 
heights. 

In addition to these plants, three crossed plants were planted 
separately in three large pots, and three self-fertilised plants in 
three other large pots, so that they were not exposed to any 
competition; and now the self-fertilised plants exceeded the 
crossed in height by a little, for the three crossed averaged 55*91, 
and the three self-fertilised 59*16 inches; or as 100 to 106. 

Crossed and self-J'crtiliscd Phints of the Third, Oeneraiion., — As I 
wished to ascertain, iirstly, whether those self-fertilised plants of 
the last generation, which gi*eatly exceeded in height their crossed 
opponents, would transmit the same tendency to their offspring, 
and secondly, whether they possessed the same sexual constitu- 
tion, 1 selected for experiment; the two self- fertilised plants 
marked A and B in Pot III. in Table LXXXV., as these two 

Table LXXXVI. 


PJicotima tahacitm (IVUrd Generation), 
Seedlings from the Self -fertilised Plant A in Pot ///., 
Table J^XXX K, if the last or Second Generation, 


Hu. of Pot. 

I. 

I 

From Sclf-fertiliswl 
Plant, crossed by a 
(.’rossed Plant. 

From Sclf-fertUis(‘d 
l^lant aijiiin self-ferti- 
lised, forming the 
Tliird Self-fertilised 
exoneration. 

Inches. 

100 1 
yi 

Inrlies, 

98 

79 

II. 

llOj 

59 J 


lOOJ 

608 

III. 

104 

798 

IV. 

ui 

1101 



64J 

Total in inches. 

666*75 

557-25 
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were of nearly equal height, and were greatly snperior to their 
crossed opponents. Four flowers on each plant were fertilised 
with their own pollen, and four others on the same plants were 
crossed with pollen from oiie of the crossed plants growing in 
another pot. This plan differs from that lx)foro followed, in 
which seedlings from crossed plants again crossed, have been 
compared 'wdth seedlings from self-fertilised plants again self- 
fertilised. The seeds from the crossed and self-fertilised capsules 
of the above two plantvS were placed in separate watch-glasses and 
compared, but wore not weighed; and in both cases those from 
the crossed capsules seemed to be ratlier less numerous than 
those from the self-fertilised capsules. These seeds were planted 
in the usual manner, and the heights of the crossed and self- 
fertilised seedlings, when fully grown, are given in the preceding 
and following table. l.XXXVI. and LXXXVIT. 

The seven crossed plants in thofii^st of these two tables average 
95 '25, and the seven self-fertilised 79 ’6 inches in height; or as 
100 to hB. In half the pots a crossed plant, and in the other 
half a self-fertilised plant flowered first. 

We now come to the seedlings raised from the othc^r i)arent- 
plant B. 

Table LXXXVII. 


Kicoliava fahacum (^Third ftcneratwv^, 
Sdf'dJittgs from th‘ Sef-fmiiiised Flout B iu Pot JJL, 
TMe LXXXW^ of the iaat er Second GeneraHim,. 




From SeH'.ferfllisi d 


From Solf-fcrtUiHfU 

ajraln self-ferti- 

No. of I’ot. 

riant, by u 

IbnniiiK iho 


eroH.s<.*d Plant. 

Third Se-U-rertiliscd 



GeneiMlon. 


Inches. 

Inches. 

I. 

87 5 

72^ 


49 

i+g 

11. 

S8| 

78 


0 

llyj 

III. 

99 

100^ 


lol 

7.i8 

IV. 

978 

488 

V. 


SIS 


0 

61 S 

' Total in inches. 

49:>*ri0 

641-7.' 
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The seyen crossed plants (for two of tliem died) here ayerago 
70*78 inches, and the nine self-fertilised plants 71*3 inches in 
height ; or as 100 to barely 101 In four out of these fiye pots, 
a self-fertilised plant flowered before any one of the crossed 
plants. So that, differently from the last case, the self-fertilised 
plants are in some respects slightly superior to tlie crossed. 

If we now consider the crossed and solf-fertilised plants of the 
throe generations, we find an extraordinary diversity in their 
relative lieights. In the first generation, the crossed plants were 
inferior to the self-fertilised as 100 to 178 ; and the flowers on 
the original parent-plants which were crossed with pollen from a 
distinct plant yielded much fewer seeds than the self-fertilised 
flowers, in the proportion of 100 to 150. But it is a strange fact 
that the scjlf-fertilised plants, which were subjected to very severe 
competition with the crossed, had on two occasions no advan- 
trge over them. The interiority of the crossed plants of this first 
generation cannot be attributed to tlie immaturity of the seeds, 
for I carefully examined them; nor to the seeds being diseased 
or in any way injured in some one capsule, for the contents of 
the ten crossed capsules were mingled together and a few taken 
by chance for sowing. In the second generation the crossed and 
self-fertilised plants were nearly e(|ual in licight. In the third 
generation, crossed and self-fertilised seeds were obtained from 
two plants of the previous generation, and the seedlings raised 
from them differed remarkably in constitution ; the crossed in the 
one case exceeded the self-fertilised in height in the ratio of 100 
to 63, and in the other case were almost e^ual. This difference 
between the two lots, raised at the same time from two plants 
growing in the same pot, and treated in every respect alike, as 
well as the extraordinary superiority of the self-fertilised over 
the crossed plants in the first generation, considered togetlier, 
make me believe that some individuals of the present species 
differ to a certain extent from others in tlieir sexual affinities (to 
use the term employed by Gartner), like closely allied species of 
the same genus. Consequently if two plants which thus differ 
are crossed, the seedlings suffer and are beaten by those from 
the self-fertilised flowers, in which tlie sexual elements are of 
the same nature. It is known* that with our domestic animals 

* I have given ovidenoe on mestication,’ chap, xviii. 2nd edit, 
this head in my ‘ Variation of vol. ii. p. llfi. 

Animals and Fhmts under Do- 
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certain individuals are sexually incompatible, and will not 
produce offspring, although fertile with other individuala But 
Kdlrouter has recorded a case * which bears more closely on our 
present one, as it shows that in the genus Nicotiana the varieties 
differ in their sexual affinities. He exix'.rimented on five 
varieties of the common tobacco, and proved that they were 
varieties by showing that they were perfectly fertile when re- 
ciprocally crossed ; but one of these varieties, if used either as 
the father or the mother, was more fertile than any of the others 
when crossed with a widely distinct species, N, glutmosa. As the 
different varietie^s thus differ in their sexual affinities, there is 
nothing surprising in the individuals of the same variety differ- 
ing in a like manner to a slight degree. 

Taking the plants of the three generations altogether, the 
crossed show no superiority over the self-fertilised, and I can 
account for this fact only by supposing that with this species, 
which is perfectly self-fertile without insecit aid, most of the indi- 
viduals are in the same condition, as those of the same variety 
of the common pea and of a few other exotic jjlants, which 
have been self-fertilised for many generations. In such cases a 
cross between two individuals do(3s no good ; nor does it in any 
case, unless the individuals differ in general constitution, cither 
from so-called sjmtaneous variation, or from their progenitors 
having been subjected to different conditions. I l>elieve that 
this is the true explanation in the present instance, because, as 
we shall immediately see, the offspring of plants, which did not 
profit at all by being crossed with a plant of the same stock, 
profited to an extraordinary degree by a cross with a slightly 
different sub-variety. 

Effects of a Cross with a fresh Stock. — I procured some seed 
of N. iabacum from Kew and raised some plants, which formed 
a slightly different sub-variety from my former plants ; as the 
flowers were a shade pinker, the leaves a little more pointed, and 
the plants not quite so tall. Therefore the advantage in height 
which the seedlingu gained by this cross cannot be attributed to 
direct inheritance. Two of the plants of the third self-fertilised 
generation, growing in Pots II. and V. in Table LXXXVII., 
which exceeded in height their crossed opponents (as did their 
parents in a still higher degree) were fertilised with pollen 
from the Kew plants, that is, by a fresh stock. The seedlings 

* * Das Geechlecht der Pflanzen, Zweite Fortsetziing," 1764, p. 55-60. 
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thus raised may bo called the Kew-crossed, Some other flowers 
on the same two plants were fertilised with their own pollen, 
and the seedlings thus rais'^ form the fourth self-fertilised 
generation. The crossed capsules produced by the plant in 
Pot II., Table LXXXVII., were plainly less fine than the self- 
fei*tilised capsules on the same plant. In Pot V. the one finest 
capsule was also a self-fertilised one; but the seeds produced 
by the two crossed capsules together exceeded in number those 
produced by the two self-fertilised capsules on the same plant. 
Therefore as far as the flowers on the parent-plants are con- 
cerned, a cross with pollen from a fresh stock did little or no 
good ; and I did not exi)ect that the offspring would have re- 
ceived any benefit, but in this I was completely mistaken. 

The crossed and self-fertilised seeds from the two plants were 
placed on bare sand, and very many of the crossed seeds of both 
se"s germinated before the self-fertilised seeds, and protruded 
their radicles at a quicker rate. Hence many of the crossed 
seeds had to be rejected, before pairs in an equal state of germina- 
tion were obtained for planting on the opposite sides of sixteen 
large pots. The two series of seedlings raised from the parent- 
plants in the two Pots II. and V. were kept separate, and when 
fully grown were measured to the tips of their highest leaves, as 
shown in the following double table. But as there was no uniform 
difference in height between the crossed and self-fertilised seed- 
lings raised from the two plants, their heights have been added 
together in calculating the averages. I should state that by the 
accidental fall of a large bush in the greenhouse, several plants 
in both the series were much injured. These were at once 
measured together with their opponents and afterwards thrown 
away. The others were left to grow to their full height, and 
were measured when in flower. This accident accounts for the 
small height of some of the pairs ; but as all the pairs, whether 
only partly or fully grown, were measured at the same time, the 
measurements are fair. 

The average height of the twenty-six crosst^ plants in the six- 
teen pots of the two series is 63*29, and that of the twenty- 
six self-fertilised plants is 41*67 inches; or as 100 to 66. The 
superiority of the crossed plants was shown in another way, 
for in every one of the sixteen pots a crossed plant flower^ 
before a self-fertilised one, with the exception of Pot VI. of the 
second series, in which the plants on the two sides flowered 
simultaneously. 

P 2 
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Table LXXXVHI. 

Nicotiana tahacum. 

Plants raised from two Plants of the Tldrd Bdffertilised 
Generatixm in Pots II, and K, in Table LXXX VII, 


From Pot II., Table LXXXVII. jj From Pot V., Tabic LXXXVII. 

Nio, of Pot. 

Kew-crossed 

Plants. 

Plants of the j! 

Fourth Self- , p . 

fertilised Gen- 1 
oration. j 

Kew-crossed 

Plants. 

Plants of the 
Fourth 

fertllist d Gen- 
eration. 


Inches. 

Inches. 

1 

Inches. 

Inches. 

I. 


68 1 

1 I. 

778 

56 


31 

5 


78 


11. 

78| 

518 

n. 

558 

278 


48 

70 


18 

7 

III. 

77 8 

i-'S 

III. 

76? 

608 


77| 





IV. 

498 

1 


9f>8 




mM 

mM 

228 

H 

V. 

«9 I 

85 

V. 

j 

288 


1 


i 

1 


VI. 

90 ; 

80 i| VI. 

1 78 

78 § 

VII. 

848 

48 g 

VII. 

85 g 



708 

56 1 




VIIL 

83 J 

848 ' 

VIII. 

058 

‘ 7«l 





728 

27 J 

Total ini 
inches./ 

902*63 ’ 

636*13 

Total ini 
inches./ 

j 743*13 

447*38 


Some of the remaining seeds of both series, whether or not in 
a state of germination, were thickly sown on the opposite sides 
of two very large pots ; and the six highest plants on each side 
of each pot were measured after they had grown to nearly their 
full height But their heights were much less than in the 
fonper trials, owing to their extremely crowded condition. Even 
whilst quite young, the crossed seedlings manifestly had much 
broader md finer leaves than the self-fertilised see<ilings. 
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Table LXXXIX. 

Nicoiiana tahacum. 

Plants of the same parentage as those in Table LXXX VIIL, 
but grown extremdy crowded in two large pots. 


From Pot IL, Table LXXX Vir. 

From Pot V., Table LX XXVII. 

Kcw*crosse(l 

of the 

Fourth Selt-ferti- 

Kew-crossed 

Plants. 

Plants of the 
Fourth Self-ferti- 

lis<‘d Generation. 

lised Gen<*ration. 

Inchegi. 

InchcB. 

Inches. 

Inches. 


•m 

44 1 

22 1 

34 

\n 

42 jj 

21 

••ioj 


27 i 

18 

23 i 

IG 

31 J 

32 

i-'*S 

21?^' 

l-'S 

I3i 


IG 

24g 

14 J 

175-03 1 

j 

101-50 

202-75 

> 105-13 


The twelve tallest crossed plants in the two pots Monging to 
the two series average here 31*53, and the twelve tallest solf-ferti- 
lised plants 17*21 inches in height; or as ICX) to 54. The plants 
on both sides, when fully grown, some time after they had been 
measured, were cut down close to the ground and "weighed. 
Tlie tw^elve crossed plants weighed 21*25 ounces; and the 
twelve self-fertilised plants only 7*83 ounces; or in weight as 
100 to 37. 

The rest of the crossed and self-fertilised seeds from the two 
parent-plants (the same as in the last experiment) was sown on 
the 1st of July in four long parallel and separate rows in good soil 
in the open ground ; so that the seedlings were not subjected to 
any mutual competition. The summer was wet and unfavourable 
for their growth. Whilst the seedlings were very small the two 
crossed rows had a clear advantage over the two self-fertilised 
rows. When fully grown the twenty tallest crossed plants and 
the twenty tallest self-fertilised plants were selected and mea- 
sured on the 11th of November to the extremities of their leaves, 
as shown in the following table (XC.), Of the twenty crossed 
plants, twelve had flowered ; whilst of the twenty self-fertilised 
plants, one alone had flo-wered. 
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Table XC. 
Nicotiana tabacum. 


Plants raised from the same seeds as in the last two experimentSy 
hut sown 8e2)arately in the open groundy so as not to compete 
together. 


From Pot IT.. Table LXXXVIl. 

I From Pot V., Table LXXXVIl. 

Kew-cropsed 

Plants. 

Plants of the 
Fourth Seif fertl- 

Kew-crossed 

Plants. 

Plants of the 
Fourth Self-ferti- 

Used Oeueratioii. 

lised Generation. 

Inches. 

Inches. 

1 Inches. 

Inches. 

422 

22 g 


343 

54 1 

37 3 

j 

38 i 

39 i 

34 1 

! 45 

40 J 

53 g 

30 

43 

43 f 

49 g 

28 § 

43 

40 . 

50 g 

31 i 


381 


1 44 

35 1 

57 g 

20 i 

481 

398 

37 

22 S 

: 

478 

58 i 

48 

28 

1 63 

478*75 

280 *80 

1 496*13 

417-25 


The twenty tallest crossed plants here average 48*74, and the 
twenty tallest self- fertilised 35*2 inches in height; or as 100 to 
72, These plants after being measnred wore cut down close to 
the ground, and the twenty crossed plants weighed 195*75 
ounces, and the twenty self-fertilised plants 123*25 ounces; or 
as 100 to 63. 

In the three preceding tables, LXXXYIIT., LXXXIX,, and 
XC., we have the measurements of fifty-six plants derived from 
two plants of the third self-fertihsed generation crossed with 
pollen from a fresh stock, and of fifty-six plants of the fourth self- 
fertilised generation derived from the same two plants. These 
crossed and self- fertilised plants were treated in three different 
ways, having been put, firstly, into moderately close competition 
with one another in pots ; secondly, having been subjected to 
unfavourable conditions and to very severe competition from 
being greatly crowded in two large pots ; and thirdly, having 
being sown separately in open and good ground, so as not to 
suffer fix>m any 'mutual competition. In all these cases the 
crossed plants in each lot were greatly superior to the self- 
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fertilised. This was shown in several ways, —by the earlier 
germination of the crossed seeds, by the more rapid growth of 
the seedlings whilst quite young, by the eai-lier flowering of the 
mature plants, as well as by the greater height which they 
ultimately attained. The superiority of the crossed plants was 
shown still more plainly when the two lots were weighed ; the 
weight of the crossed plants to that of the self-fertilised in the 
two crowded pots being as 100 to 37. Better evidence could 
hardly be desired of the immense advantage derived from a 
cross with afresh stock. 

XXVI. PEIMULACE.®. — Cyclamen peesicum.* 

Ten flowers crossed with pollen from plants known to be 
distinct seedlings, yielded nine capsules, containing on an 
aveiage 34 * 2 seeds, with a maximum of seventy-seven in one. 
Ten flowers self-fertilised yielded eight capsules, containing on 
an average only 13 * 1 seeds, with a maximum of twenty-five in one. 
Tiiis gives a ratio of 100 to 38 for the average number of seeds 
jier capsule for the crossed and self-fertilised , flowers. The 
flowers hang downwards, and as the stigmas stand close beneath 
the anthers, it might have l)eon expected that pollen would, 
have fallen on them, and that they would have been spontaneously 
self- fertilised ; but these covered-up plants did not produce a 
single capsule. On some other occasions uncovered plants in 
tlio same greenhouse produced plenty of capsules, and I suppose 
that the flowers had been visited by bees, which could hardly 
fail to carry pollen from plant to plant. 

The seeds obtained in the manner just described were placed 
on sand, and after germinating were planted in pairs, — three 
crossed and three self-fertilised plants on the opposite sides of 
four pots. When the loaves were 2 or 3 inches in length, 
including tho foot-stalks, the seedlings on both sides were 
equal. In the course of a month or two the crossed plants began 
to show a slight superiority over the seif-fertilised, which 
steadily increased ; and the crossed flowered in all four pots some 
weeks before, and much more profusely than the self-fertilised. 
The two tallest flower-stems on the crossed plants in each pot 
were now moasurod, and the avext^^e height of the eight stems 


* Cnelamen tepandum^ accord- p. 150), is protcrandrons, and this 
ing to L»c'co<| (‘Goograpbie Botan- I believe to bo the case with C. 
ipuo de ^Europe,* tom. viii. 1858, persioum. 
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was 9*49 inches. After a considerable interval of time the 
self-fertilised plants flowered, and several of their flower-stems 
(but I forgot to record how many) were roughly measured, and 
their average height was a little under 7*5 inches; so that the 
flower-stems on the crossed plants to those on the self-fertilised 
were at least as 100 to 79. The reason why 1 did not make 
more careful measurements of the self-fertilised j)lants was, that 
they looked such poor specimens that I determined to have them 
re-potted in larger pots and in the following year to measure 
them carefully ; but we shall see that this was partly frustrated 
by so few flower-stems being then produced. 

These plants were left uncovered in the grecnliouso ; and the 
twelve crossed plants prodnctxl forty capsules, whilst the 
twelve self-fertilised plants produced only five ; or as 100 to 12. 
But this difference docs not give a just idea of the relative 
fertility of the two lots. 1 counted the seeds in one of the finest 
capsules on the crossed plants, and it contained seventy-three ; 
whilst the finest of the five capsules produced by tlie self- 
fertilised plants contained only thirty-five good seeds. In the 
other four capsules most of the seeds were barely half as large 
as those in the crossed cajjsules. 

Table XCI. 

Cyclamen perstcum: 0 rmplics that no flower-fitem was produced. 


No, of Pot. 

C?ro8fMHl Plants, i 

Self-fertilised f»laiits. 


Inches. ' 

Inchoa 

I. 

10 

0 


93 I 

0 


i"3 

0 

a. 

91 

0 


10 

0 


10 8 

0 

III. 

9J 

8 


9§ 

9i 

6i 



IV. 


0* 


lOi 

n 


105 ' 

0 

Total in inchi.-s. 

119-88 

29*50 
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In the following year the 'crossed plants again bore many 
flowers before the self-fertilised bore a single one. The three 
tallest flower-stems on tae ^crossed plants in each of the pots 
were measured, as shown in Table XCI. In Pots I. and II. the 
self-fertilised plants did not produce a single flower-stem ; in 
Pot IV. only one ; and in Pot III. six, of which the throe tallest 
were measured. 

The average height of the twelve flower-stems on the crossed 
plants is 9*99, and that of the four flower-stems on the self- 
fertilised plants 7 * 37 indies ; or as 100 to 74. The self-fertihsed 
plants were miserable specimens, whilst the crossed ones looked 
very vigorous. 


Anagallis. 

inagallU ooUina^ var. grandiflora (pale red and hltte-floioered 
sulhcarietitH). 

Firstly, twenty-five flow^ors on some plants of the red variety 
were crossed with pollen from a distinct plant of the same 
variety, and produced ten capsules; thirty-one flowers were 
fertilised with their own pollen, and produced eighteen capsules. 
These plants, which were grown in pots in the gi’eenhouso, were 
evidently in a very sterile condition, and the seeds in both 
sets of capsules, especially in the self-fertilised, although 
numerous, were of so poor a quality that it was very difficult 
to determine which wore good and wiiich bad. But as far as I 
could judge, the crossed capsules contained on an average 6*3 
good seeds, with a maximum in one of thirteen; whilst the 
self-fertilised contained 6*05 such seeds, with a maximum in 
one of fourteen. 

Secondly, cloven flowers on the red variety w^ere castrated 
whilst young and fertilised with pollen from the blue variety, 
and this cross evidently much increased their fertility ; for the 
eleven flowers yielded seven capsules, which contained on an 
average twice as many good seeds as before, m., 12*7 ; with a 
maximum in two of the capsules of seventeen seeds. Therefore 
these crossed capsules yielded seeds compared with those in the 
foregoing self-fertilised capsules, as 190 to 48. These seeds were 
also conspicuously larger than those from the cross Ixitween two 
individuals of the same rod variety, and germinated much more 
freely. The flowers ou most of the plants produced by the cross 
betw'een the two-colourod varieties (of which several were raised), 
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took after their mother, and were Ted-coloured. But on two of 
the plants the flowers were plainly stained with blue, and to 
such a degree in one case asT»to be almost intermediate in tint. 

The crossed seeds of the two foregoing kinds and the self- 
fertilised were sown on the opposite sides of two large pots, and 
the seedlings were measured when fully grown, as shown in the 
two following tables : — 


Table XCII. 

AmtfjulUa ctAViua. 


Red Variety crossed by a distinct Plant of the Red Variety, 
and Red Variety iSt'lf-fertiUsed. 

No. of Pot. 

! Crossed Plants. 

.Self-fertilised Plants. 

I. 

Inchea 

21 

111 

Inches. 

lot 

H 

Total iQ inche.s. 

61-75 

! 45-00 

Red Variety crossed by Blue Variety, and Red Variety 
Self-fertilised. 

No. of Pot, 

Crossed Plants. 

Self-fertilised Plants. 


Inches. 

inches. 

II. 

30 1 



21 i 

18J 


25 


Total in inches. 

82-88 

54 ‘75 

Total of both lots. 

144-63 

22^15 


As the plants of the two lots are few in number, they may be 
run together for the general average ; but I may first state that 
the height of the seedlings from the cross between two individuals 
of the red variety is to that of the self-fertilised plants of the red 
variety as 100 to 73 ; whereas the height of the crossed ofifepring 
from the two varieties to the self-fertilised plants of the red 
variety is as 100 to 66. So that the cross between the two 
varieties is here seen to be the most advantageous. The average 
weight of all six crossed plants in the two lots taken together is 
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48*20, and that of the six self-'ertilised plants 83*25 ; or as 100 
to 69. 

These six crossed plants produced spontaneously twenty-six 
capsules, whilst the six self-fertilised plants produced only two, 
or as 100 to 8. There is therefore the same extraordinary 
difference in fertili^ between the crossed and self-fertilised 
plants as in the last genus, Cyclamen, which belongs to the same 
family of the Primulace®. 

Pbimula VERIS. Brit. Flora. 

( Fan officinalis, Linn!). Tfie Cowslip, 

Most of the species in this genus are heterostyled or 
dimorphic; '.hat is, they present two forms,— one long-styled 
with short stamens, and the other short-styled with long 
stamens,* For complete fertilisation it is necessary that 
ix)llen from the one form should be applied to the stigma 
of the other form ; and this is effected under nature by insects. 
Such unions, and the seedlings raised from them, I have 
called legitimate. If one form is fertilised with pollen 
from the same form, the full complement of seed is not pro- 
duced ; and in the case of some heterostyled genera no seed at 
all is produced. Such unions, and the seedlings raised from 
them, I have called illegitimate. These seedlings are often 
dwarfed and more or loss sterile, like hybrids. I possessed 
some long-styled plants of F. veris, which during four successive 
generations had boon produced from illegitimate unions be- 
tween long-stylod plants ; they were, moreover, in some degree 
inter-related, and had been subjected all the time to similar 
conditions in pots in the greenhouse. As long as Uiey were 
cultivated in this manner, they grow well and were healthy and 
fertile. Their fertility even increased in the later generations, 
as if they were becoming habituated to illegitimate ferftlisation. 
Plants of the first illegitimate generation when taken from the 
greenliouse and planted in moderately good soil out of doors 
grew well and wore healthy; but when those of the two last 
illegitimate generations wore thus treated they became exces- 
sively sterile and dwarfed, and remained so during the following 

* See my work, * The Different papers in * Jonnial of Proo. Linn, 
Forms of Flowers on Plants of Soc,* vol. vi. 1862, p. 77, and voL 
the same Species,* 1877, or my x. 1867, p. 393. 
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year, by which time they ought to have become accustomed to 
growing out of doors, so that they must have possessed a weak 
constitution. 

Under these circumstances, it seemed advisable to ascertain 
what would be the effect of legitimately crossing long-styled 
plants of the fourth illegitimate generation with ix)llen taken from 
non-related short-styled plants, growing under different con- 
ditions. Accordingly several flowers on plants of the fourth 
illegitimate generation (i.e., great-grcat-grandchildren of plants 
which had been legitimately fertilised), gi'owing vigorously in pots 
in the greenhouse, wore legitimately fertilised with pollen from 
an almost wild short-styled cowslip, and these flowers yielded 
some fine capsules. Thirty other flowers on the same illegi- 
timate plants were fertilised with their own pollen, and these 
yielded seventeen capsules, containing on an average tlurty-two 
seeds. This is a high degree of fertility ; higher, I beli(?vo, than 
that which generally obtains with illegitimately fertilised long- 
styled plants growing out of doors, and liighor than that of the 
previous illegitimate generations, although their flowers were 
fertilised with ix)llen taken from a distinct plant of the same 
form. 

These two lots of seeds were sown (for they will not germinate 
well when placed on bare sand) on tlie opposite sides of four 
pots, and the seedlings wore thinned, so that an equal number 
were left ou the two sides. For some time there was no marked 
difference in height between the two lots ; and in Pot III., Table 
XCIIL, the self-fertilised plants were rather the tallest. But by 
the time that they had thrown up young flower-stems, the 
legitimately crossed plants appeared much the finest, and had 
greener and larger leaves. The breadth of the largest leaf on 
each plant was measured, and those on the crossed plants were 
on an average a quarter of an inch (exactly *28 of an inch) 
broader than those on the self-fertilised plants. The plants, 
from being too much crowded, produced poor and short flower- 
stems. The two finest on each side were measured ; the eight 
on the legitimately crossed plants averaged 4 * 08, and the eight on 
tlie illegitimately self-fertilised plants averaged 2*93 inches in 
height ; or as 100 to 72. 

These plants after they had flowered were turned out of their 
l^ts, and planted in fairly good soil in the open ground. In 
the following year (1870), when in full flower, the two tallest 
flower-stems on each side were again measured, as shown in the 
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following table, which likewise gives the number of flower-stems 
produced on both sides of all the pots. 


Table XCIII. 

Primula veris. 


No. of Tot. 

Legitimately crossed riants 

lll^itimately splf-fertilised 
Plants. 

Height ill 
inciiea. 

No.uf Flowei -j 
steuiH pru- 
duad. j 

Height in 
Inches. 

No. of Flower- 
fitenis pro- 
duced. 

1. 

9 

10 I 

1 

- fi 

3 


8 

1 

‘t * 


11. 

7 

16 


3 




% < 

H 


HI. 


10 


4 


1 


OJ 


iV. 


' 14 

-i 

5 


1 

1 ■, 



Total, 

1 50 - ‘JO 1 

i 

25*75 

15 


The average height of the eight tallest flower-stems on the 
crossed plants is here 7 * 03 inches, and that of the eight tallest 
flower-stems on the self-fertilised plants 3 ‘21 inches; or as 
100 to 46. We see, also, that the crossed plants bore sixty-two 
flower-stems; that is, above four times as many as those (viz,, 
fifteen) borne by the self-fertilised plants. The flowers were 
left exposed to the visits of insects, and as many plants of 
both forms grew close by, they must have been legitimately 
and naturally fertilised. Under those circumstances the 
crossed plants produced 324 capsules, whilst the self-fertilised 
produced only 16; and these wero all produced by a single 
plant in Pot n., which was much finer than any other self- 
fertilised plant. Judging by tbe number of capsules produced, 
the fertility of an equal number of crossed and self-fertilised 
plants was as 100 to 6. 

In the succeeding year (1871) I did not count all tho flower- 
stems on these plants, but only those which produced cap- 
sules containing good seeds. The season was unfavourable, and 
the crossed plants produced only forty such flower-stems, bearing 
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168 good capsules, whilst the self-fertilised plants produced 
only t^»o such flower-stems, bearing only 6 capsules, half of 
which were very poor ones. So that the fertility of the two lots, 
judging by the number of capsules, was as 100 to 3*5. 

In considering the great difference in height and the wonderful 
difference in fertility between the two sets of plants, we should 
bear in mind that tliis is the result of two distinct agencies. 
The self-fertilised plants were the product of illegitimate fertili- 
sation during five successive generations, in all of which, ex- 
cepting the last, the plants had been fertilised with pollen taken 
from a distinct individual belonging to the same form, but which 
was more or less closely related. The plants liaci also Ijeen 
subjected in each generation to closely similar conditions. This 
treatment alone, as I know from other observations, would have 
greatly reduced the size and fertility of the offspring. On the 
other hand, the crossed plants were the offspring of long-styled 
plants of the fourth illegitimate generation legitimately crossed 
with pollen from a shorb-styled plant, which, as well os its pro- 
genitors, had been exposed to very different conditions ; and this 
latter circumstance alone would have given great vigour to the 
offspring, as we may infer from the several analogous cases 
already given. How much proportional w^eight ought to be at- 
tributed to these two agencies, — the one tending to injure the 
self-fertilised offspring, and the other to benefit the crossed 
offspring, — cannot be determined. But we shall immediately 
see that the greater part of the benefit, as far as increased 
fertility is concerned, must be attributed to the cross having 
been made with a fresh stock. 

Peimula veris. 

JEqtbal-siyled and red-flowered var. 

I have described in my paper ‘ On the Illegitimate Unions of 
Dimorphic and Trimorphic Plants’ this remarkable variety, which 
was sent to me from Edinburgh by Mr. J. Scott. It possessed a 
pistil proper to the long-styled form, and stamens proper to the 
short-styled form ; so that it had lost the heterostyled or dimor- 
phic character common to most of the species of the genus, 
and may be compared with an hermaphrodite form of a bi- 
sexual animal. Consequently the pollen and stigma of the 
same flower are adapted for complete mutual fertilisation, instead 
of its being necessary that pollen should be brought from one 
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form to another, as in the coL*mon cowslip. From the stigma 
and anthers standing nearly on the same level, the flowers are 
perfectly self-fertile when insects are excluded. Owing to the 
fortunate existence of this variety, it is jx)S8ibl0 to fertilise its 
flowers in a legitimate manner with theii- own pollen, and to 
cross other flowers in a legitimate manner with pollen from 
another variety or fresh stock. Thus the offspring from both 
unions can bo compared quite fairly, free from any doubt from 
the iqjurious effects of an illegitimate union. 

The plants on which I experimented had been raised during 
two successive generations from spontaneously self-fertilised 
seeds produced by plants under a not ; and as the variety is 
liighly self-fertile, ite progenitors in Edinburgh may have been 
self-fertilised during some previous generations. Several flowers 
on two of my plants were legitimately crossed with pollen from 
a short-styled common cowslip growing almost wild in my 
orchard ; so that the cross was between plants which had been 
subjected to considerably different conditions. Several other 
flowers on the same two plants were allowed to fertilise them- 
selves under a net ; and this union, as already explained, is a 
legitimate one. 

The crossed and self-fertilised seeds thus obtained were sown 
thickly on the opposite sides of three pots, and the seedlings 
thinned, so that an equal number wore left on the two sides. 
The seedlings during the first year were nearly equal in 
height, excepting in Pot HI., Table XCIV., in which the self- 
fertilised plants had a decided advantage. In the autumn the 
plants were bedded out, in their pots; owing to this circum- 
stance, and to many plants growing in each pot, they did not 
flourish, and none were very productive in seeds. But the 
conditions were perfectly equal and &ir for both sides. In the 
following spring I record in my notes that in two of the gpots 
the crossed plants are “incomparably the finest in general 
appearance,” and in all three pots they flowered before the self- 
fertilised. When in fall flower the tallest flower-stem on each 
side of each pot was measured, and the number of the flower- 
stems on both sides counted, as shown in the following table. 
The plants were left uncovered, and as other plants w'ere growing 
close by, the flowers no doubt were crossed by insects. When 
the capsules were ripe they were gathered and counted, and 
the result is likewise shown in the following table:— 
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Tabus XCIV. 

Primula veris (equal -styled, red-fiou>ercd variety)* 



Crossed Plants. 

Self-fertlliRcd Plants. 

, 

No. of Pot 

Height of 
talU^t 
Flower*stcm 
ill inches. 

No. of 
Hower- 
Btema. 

1 

No. of good' 

1 Capsoles. j 

! ! 

Height of 
tallest 
Flower-stem 
in Indies. 

No. of 
Flower- 
stems, 

No. of good 
Capsules. 

1. 

10 

U 

' ir>3 ' 

■Bi 

6 

6 

II. 


12 

Several, ' 

. not 
counted. 

5 

2 

1 

0 

III. 1 

j 7j 1 

1 7 

1 

43 

i(>3 

1 

26 

Totals. 1 

26-0 

30 

. 206 . 

j 1 

22-0 

13 

32 


The average height of the three tallest flower-stems on tho 
crossed plants is 8*G6 inches, and that of the three on the 
self-fei-tilised plants 7*33 inches; or as 100 to 85. 

All tlie crossed plants together produced tliirty-three flower- 
stems, wliilst the self-fertilised bore only thirteen. The immlxjr 
of the capsules was counted only on the plants in Pots I and III., 
for the self-fertilised plants in Pot II. produced none ; therefore 
those on tho crossed plants on the oi)posite side were not 
counted. Capsules not containing any good seeds were rejected. 
The crossed plants in the alx)ve two pots produced 206, and the 
self-fertilised in the same pots only 32 capsules; or as 100 
to 15. Judging from the previous generations, the extreme 
unproductiveness of the self-fertilised plants in this exx)oriment 
•was wholly duo to their having lx)cn subjected to unfevourable 
conditions, and to severe competition with the crossed plants ; 
for had they grown separately in good soil, it is almost certain 
that they would have produced a largo number of capsules. 
The seeds were counted in twenty capsules from the crossed 
plants, and they averaged 24*75; whilst in twenty capsules 
from the self-fertilised plants the average was 17*65; or os 
100 to 71. Moreover, the seeds from the self-fertilised plants 
were not nearly so fine as those from the crossed plants. If 
we consider together the numlxjr of capsules produced and 
the average number of contained seeds, the fertility of the 
crossed plants to the self-fertilised plants was as 100 to 11. 
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We thus see what a great effect, as far as fertility is concerned, 
was produced by a cross between the two varieties, which had 
been long exposed to different conditions, in comparison with 
self-fertilisation; the fertilisation having been in both cases of 
the legitimate order. 


Peimtjla sinensis. 

As the Chinese primrose is a heterostyled or dimorphic plant* 
like the common cowslip, it might have been expected that the 
flowers of both forms wdien illegitimately fertilised with their 
own pollen or with that from flowers on another plant of the 
same form, would have yielded less seed than the legitimately 
crossed flowers; and that the seedlings raised from illegiti- 
mately self-fertilised seeds would have been somewhat dwarfed 
and less fertile, in comparison with the seedlings from legiti- 
mately crossed seeds. This holds good in relation to the fer- 
tility of the flowers ; but to my surprise there was no difference 
in growth between the offspring from a legitimate union between 
two distinct plants, and from an illegitimate union whether 
between the flowers on the same plant, or lx)twecn distinct plants 
of the same form. But I have shown, in the w'ork lately referred 
to, that in England this plant is in an abnormal condition, 
such as, judging from analogous cases, would tend to render a 
cross between two individuals of no benefit to the offspring. 
Our plants have been commonly raised from self-fertilised 
seeds ; and the seedlings have generally been subjected to nearly 
uniform conditions in pots in greenhouses. Moreover, many of 
the plants are now varying and changing their character, so as 
to l)ec-ome in a greater or less degree equal-styled, and in con- 
sequence highly self-fertile. From the analogy of F. vt'ris there 
can hardly be a doubt that if a plant of P. smemis could have 
been procured direct from China, and if it had been^crossed 
with one of our English varieties, the offspring would have 
shown wonderful superiority in height and fertility (though 
probably not in the beauty of their flowers) over our ordinary 
plants. 

My first experiment consisted in fertilising many flowers on 
longHBtyled and short-styled plants with their own pollen, and 
other flowers on the same plants with i)ollen taken from distinct 
plants belonging to the same form ; so that all the unions were 
illegitimate. There was no uniform and marked difference in 

Q 
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the, number of seeds obtained from these two modes of self-fer- 
tilisation, both of which were illegitimate. The two lots of seeds 
from both forms were sown thickly on opposite sides of four pots, 
and mimeroos plants thus raised. But there was no difference 
in their growth, excepting in one pot, in which the offspring 
from the illegitimate union of two long-styled plants exceeded 
in a decided manner in height the offspring of flowers on the 
same plants fertilised with their own pollen. But in all foui* 
pots the plants raised from the union of distinct plants belonging 
to the same form, flowered before the offspring from the self- 
fertilised flowers. 

Some long-styled and short-styled plants were now raised from 
purchased seeds, and flowers on both forms were -iegitimately 
crossed with pollen from a distinct plant ; and other flowers on 
both forms were illegitimately fertilised with pollen from the 
flowers on the same plant. The seeds were sown on opposite sides 
of Pots I. to IV. in the following table (XCV.) ; a single plant 
l)eing left on each side. Several flowers on the illegitimate long- 
styled and short-styled plants described in the last paragraph, 
were also legitimately and illegitimately fertilised in the manner 
just described, and their seeds were sown in Pots V. to YIII. in 
the same table. As the two sets of seedlings did not differ in 
any essential manner, their measurements are given in a single 
table. I should add that the legitimate unions in l)oth cases 
yielded, as might have l>een expected, many more seeds than the 
illegitimate unions. The seedlings wliiJst half-grown presented 
no difference in height on the two sides of the several pots. 
When fully grown they w'ere measured to the tips of their 
longest leaves, and the result is given in Table XCV. 

In six out of the eight pots tlie legHimately crossed plants 
exceeded in height by a trifle the illegitimately self-fertilised 
plant.*^; but the latter exceeded the former in two of the pots in a 
more strongly marked manner. The average height of the eight 
legitimately crossed plants is 9*01, and that of the eight illegi- 
timately self-fertilised 9*03 inches; or as 100 to 100*2. The 
plants on the opposite sides produced, oM far as could be judged 
by the eye, an equal number of flowers. I did not count the cap- 
sules or the seeds produced by them ; but undoubtedly, judging 
from many previous observations, the plants derived from the 
legitimately crossed seeds would have been considerably more 
fertile than those from the illegitimately self-fertilised seeds. 
The crossed plants, as in the previous ease, flowered before the 
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Table XCV. 

"Primula sinensis. 


No. of Pot. 

Plants fW>in 
mately crossed SeMs. 

i Plants from illegiti- 
' matfdy self-fcrtlliscd 
i Seeds. 

I. 

From short-styled 
mother. 

Inches. 

8i 

Inches, 

8 

IT. 

From short-styled 
mother. 

n 

8| 

III. 

From l»Mis;-styled 
mother. 

n 

n 

IV. 

IVom loug-styled 
mother. 

H 


V. 

From illec:itimate 
short-styled 
mother. 

9| 

9 

VT, 

From illegitimate 
short-.slyled 
mother. 

n 


VII. 

From illegitimate 
long-styled mother. 

8i 

n 

VIII. j 

From illegitimate i 
long-styled mother. | 

lOj 

10 ' 

Total in inches. 

72-13 

72 ’25 


self-fertilised plants in all the pots except in Pot II., in which the 
two sides flowered simnltaneoxisly ; and this early flowering; 
may, perhaps, bo considered as an ^vanta^o. 

Q 2 
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XXVn. POLYGONE^.— Fagoptbum bsculknttjm. 

This plant was discovered by Hildebrand to be heterostyled, 
that is> to present, like tbe species of Primula, a long-styled and a 
short-styled form, which are adapted for reciprocal fertilisation. 
Therefore the following comparison of tlie growth of the crossed 
and self-fertilisGd seedlings is not fair, for we do not know 
whether the difference in their heights may not bo wholly due to 
the illegitimate fertilisation of the self-fertilised flowers. 

I obtained seeds by legitimately crossing flowers on long-styled 
and short-styled plants, and by fertilising other flowers on both 
forms with pollen from the same plant. Rather more seeds were 
obtained by the former than by the latter process ; and the 
legitimately crossed seeds were heavier than an equal number 
of the illegitimately self-fertilised seeds, in the ratio of 100 to 82. 
Crossed and self-fertilised seeds from the short-styled parents, 
after germinating on sand, were planted in pairs on the opposite 
sides of a largo pot ; and two similar lots of seeds from long- 
styled parents were planted in a like manner on the opposite 
sides of two other pots. In all three pots the legitimately crossed 
seedlings, when a few inches in height, were taller than the self- 
fertilised ; and in all three pots they flowered before them by one 
or two days. When fully grown they were all cut down close 
to the ground, and as I was pressed for time, they were placed 
in a long row, the cut end of one plant touching the tip of 
another, and the total length of the legitimately crossed plants 
was 47 ft. 7 in., and of the illegitimately self-fertilised plants 
32 ft. 8 in. Therefore the average height of the fifteen crossed 
plants in all three pots was 38 ’06 inches, and that of the fifteen 
self-fertilised plants 26 * 13 inches ; or as ICX) to 69. 

XXVIII. CHENOPODIACE.dS.— Beta vxjlgaeib. 

A single plant, no others growing in the same garden, was 
left to fertilise itself, and the self-fertilised seeds were collected. 
Seeds were also collected from a plant growing in the midst of a 
large bed in another garden ; and as the incoherent pollen is 
abundant, the seeds of this plant will almost certainly have been 
the product of a cross between distinct plants by means of the 
wind. Some of the two lots of seeds were sown on the opposite 
sides of two very large pots; and the young seedlings were 
thinned, so that an equal but considerable number was left on 
the two sides. These plants were thus subjected to very severe 
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competition, as well as to iA#or conditions. The remaining seeds 
were sown out of doors in good soil in two long and not closely 
adjoining rows, so that these Bcodlings were placed under favour- 
able conditions, and were not subjected to any mutual com- 
petition. The self-fertilised seeds in the open ground came up 
very badly ; and on removing the soil in two or three places, it 
was found that many had sprouted imder ground and had 
then died. No such case had been observed before. Owing to 
the large number of seedlings which thus perished, the sur- 
viving self-fertilised plants grew thinly in the row, and thus had 
an advantage over the crossed plants, which grow very thickly 
in the other row. The young plants in the two rows were pro- 
tected by a little straw during the winter, and those in the two 
large pots w’erc placed in the greenhouse. 

There was no difference between the two lots in the pots until 
the ensuing spring, when they had growm a little, and then some 
of the crossed plants were liner and taller than any of the self- 
fertilised. When in full flower their stems were measured, and 
the measurements are given in the following table : — 


Table XCYl. 
Beta vulgaris. 


No. of Pot. 

f Crossed Plants. 

Self-fertilised Plaiits. 

I. 

Inches. 

34S 

30 

33j 

34j 

Inches. 

SO 

20 S 

325 

32 

II. 

42i 

42J 


33J 

26 a 


31 1 


i 

33 

20| 

Total in inches. 

272 « 75 

238*50 ^ 


xhe average height of the eight crossed plants is hero 
84*09, and that of the eight self-fertilised plants 29*81 ; or as 
100 to 87. 

With respect to the plants in the open ground, each long row 
was divided into half, so as to diminish the chance of any 
accidental advantage in one part of either row; and the four 
tallest plants in the two halves of the two rows were carefully 
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selected and measured. The eight tallest crossed plants aTeraged 
80*92, and the eight tallest seK-fertilised 30*7 inches in height, 
or as 100 to 99 ; so that they were practically equal. But we 
should bear in mind that the trial was not quite fair, as the 
self-fertilised plants had a great advantage over the crossed 
in being much less crowded in their own row, owing to the 
large number of seeds which had perished under ground after 
sprouting. Nor were the lots in the two rows subjected to any 
mutual competition. 

XXIX. CANNACE^.— Canna wabsobwiczi. 

In most or all the species belonging to this genus, the pollen 
is shed before the flower (fttpands, and adheres in a mass to the 
foliaoeous pistil close beneath the stigmatic surface. As the 
edge of this mass generally touches the edge of the stigma, and 
as it was ascertained by trials purposely made that a v(iry few 
pollen -grains suffice for fertilisation, the present species and 
probably all the others of the genus are highly self-fertile. 
Exceptions occasionally occur in which, from the stamen being 
slightly shorter than usual, the pollen is deposited a little beneath 
the stigmatic surface, and such flowers drop off uuimpreg- 
nated unless they are artificially fertilised. Sometimes, though 
rarely, the stamen is a little longer than usual, and then the 
whole stigmatic surface gets thickly covered with pollen. As 
some pollen is generally deposited in contact with the edge of 
the stigma, certain authors have concluded that the flowers are 
invariably self-fertilised. This is an extraordinary conclusion, 
for it implies that a great amount of pollen is produced for no 
purpose. On this view, also, the largo size of the stigmatic 
surface is an unintelligible feature in the structure of the flower, 
as well as the relative position of all the parts, which is such 
that when insects visit the flowers to suck the copious nectar, 
they cannot fail to carry pollen from one flower to another. * 

♦ Pelpiuo has described (‘ Bot. are feitilised in the bud, and that 
Zeitungj 1867, p. 277, and ‘ Scien- self-fertilisation is inevitable. T 
tifle Opinion,’ 1870, p. 135) the presume that they were misled by 
structure of the flowers in this the pollen being defx)sited at n 
genus, but he was mistaken in very early perif)d on the pistil ; see 
thinking that self-fertilisation is ‘Journal of Linn. Soc. Bot.’ vol, 
impossible, at least in the case of x. p. 65, and ‘Variability des 
the present species. Br. Dicfae and Especes,* 1868, p. 158. 

Prof. Faivre state that the flowers 
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According to Dolpino, Lees eagerly visit the flowers in North 
Italy, hut I have never seen any insect visiting the flowers of the 
present species in my hothouse, although many plants grew 
there during several years. Nevertheless these plants produced 
plenty of seed, as they likewise did when covered by a net ; they 
are therefore fully capable of self-fertilisation, and have probably 
been self-fertilised in this country for many generations. As 
they are cultivated in pots, and are not exposed to competition 
with surrounding plants, they have also been subjected for a 
considerable time to somewhat uniform conditions. Tins, there- 
fore, is a case exactly parallel wdth that of the common pea, in 
which wo have no right to expect much or any good from 
intercrossing plants thus descended and thus treated; and 
no good did fallow, excepting that tho cross-fertilised flowers 
yielded rather more seeds than the solf-fertilisod. This species 
was one of the earlier ones on which I experimented, and ae I 
had not then raised any self-fertilised plants for several successive 
generations under uniform conditions, I did not know or even 
suspect that such treatment w^ould interfere with the advantages 
to be gained from a cross. I was therefore much surprised at 
the crossed plants not growing more vigorously than the self- 
fertilised, and a large number of plants were raised, notwith- 
standing that the present species is an extremely troublesome 
one to experiment on. The seeds, even those wliich have lieen 
long soaked in water, will not germinate well on bare sand ; and 
those that were sown in pots (which plan I was forced to follow) 
germinated at very unequal intervals of time; so that it was 
difficult to got j)airs of tho same exact age, and many seedlings 
had to be pulled up and thrown away. My experiments were 
continued during three successive generations; and in each 
generation the self-fertilised plants were again self-fertilised, 
their early progenitors in this country having probably been self- 
fertilised for many previous generations. In each geijpration, 
also, the crossed plants were fertilisod with pollen from another 
crossed plant. 

Of tho flowers which were crossed in the three generations, 
taken together, a rather larger pn>portion yielded capsules than 
did those which were self-fertilised. The seeds w’ore counted in 
forty-seven capsules from the crossed flowers, and they con- 
tained on an average 9 * 95 seeds ; whereas forty-eight capsules 
from the self-fertilised flowers contained on an average 8*45 
seeds ; or as 100 to 85. The seeds from the crossed flowers were 
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not heavier, on the contrary a little lighter, than those from the 
Belf-fertilised flowers, as was thrice ascertained. On one occivsion 
I weighed 200 of the crossed and 106 of the self-fertilised seeds, 
and the relative weight of an equal imml^r was as 100 for the 
crossed to 101 * 5 for the self-fertilised. With other plants, when 
the seeds from the self-fertilist^d flowers were heavier titan those 
from the crossed flowers, this apjteared to Ixj dne generally 
to fewer having Iteen produced by the self-fertilised flowers, and 
to their having been in consequence better nourished. But in 
the present instance the seeds from the crossed capsules were 
separated into two lots, — namely, those fiom the capsules con- 
taining over fourteen seeds, and those from capsules containing 
under fourteen seeds, and the seeds from the more productive 
capsules were the heavier of the two ; so that the above explana- 
tion here fails. 

As pollen is deposited at a very early age on the pistil, gene- 
rally in contact with the stigma, some flowers whilst still in 
bnd were castrated for my first experiment, and wore afterwards 
fertilised with pollen from a distinct plant. Other flowers were 
fertilised with their own pollen. From the seeds thus ob- 
tained, I succeeded in rearing only three pairs of plants of equal 
age. The three crossed plants averaged 32*79 inches, and 
the three self-fertilised 2*08 inches in height; so that they 
were nearly equal, the crossed having a slight advantage. As 
the same result followed in all three generations, it would be 
superfluous to give the heights of all the plants, and I will give 
only the averages. 

In order to raise crossed and self-fertilised plants of the second 
generation, some flowers on the alx)ve crossed plants were crossed 
within twenty-four hours after they had expanded with pollen 
from a distinct plant ; and this interval would probably not be too 
great to allow of cross-fertilisation being effectual. Some flowers 
on the self-fertilised plants of the last generation were also self- 
fertilised. From these two lots of seeds, ten crossed and twelve 
self-fertilised plants of equal ages were raised ; and these were 
measured when fully grown. The crossed averaged 36*98, and 
the self-fertilised averaged 37*42 inches in height; so that here 
again the two lots were nearly equal; but the self-fertilised had 
a slight advantage. 

In order to raise plants of the third generation, a better plan 
was followed, and flowers on the crossed plants of the second 
generation were selected in which the stamens were too short to 
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reach the stigmas, so that they could not possibly have been 
self-fertilised. These flowers were crossed with ]X)llen from a 
distinct plant. Flowers on the self-fertilised plants of the second 
generation were again self-fertilised. From the two lots of seeds 
thus obtained, twenty-one crossed and nineteen self-fertilised 
plants of equal age, and foriningthe third generation, were raised 
in fourteen large pots. They were measured when fully grown, 
and by an odd chance the average height of the two lots was 
exactly the same, namely, 35 * 96 inches ; so that neither side had 
the least advantage over tlie other. To test this result, all the 
plants on both sides in ten out of the alx)ve fourteen pots were 
cut down after they had flowered, and in the ensuing year the 
stems were again measured; and now the crossed plants ex- 
ceeded by a litt’ 3 (viz., 1*7 inches) the self-fertilised. They were 
again cut dowm, and on their flowering for the third time, the 
self-fertilised plants had a slight advantage (viz., 1*54 inches) 
over tho crossed. Hence the result arrived at with these plants 
during the previous trials was confirmed, namely, that neither 
lot had any decided advantage over the other. It may, however, 
be worth mentioning that the self-fertilised plants showed some 
tendency to flower before the crossed plants : this occurred with 
all throe pairs of the first generation ; and with the cut down 
plants of the third generation, a self-fertilised plant flowered 
first in nine out of the twelve pots, whilst in the remaining three 
pots a crossecl plant flowered first. 

If we consider all the plants of the three generations taken 
together, the thirty-four crossed plants average 35*98, and the 
tMrty-four self-fertilised plants 36*39 inches in height; or as 
1(S) to 101. We may therefore conclude that the two lots 
possessed equal powers of growth ; and this I believe to be the 
result of long-continued self-fertilisation, together with exposure 
to sipiilar conditions in each geneiation, so that all the indivi- 
duals had acquired a closely similar constitution. ♦ 


XXX. GRAMINACEiE.— Z®A mats. 

This plant is monoecious, and was selected for trial on this ac- 
count, no other such plant having been experimented on.* It is 


♦ Hildebrand remarks that male flowers standing above tine 

this species seems at first sight female flowers ; but practictilly it 

a<!apted to be fertilised by pollen must generally bo fertilised by 

from the same plant, owing to the pollen from another plant, as tho 
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also anemophiloTis, or is fertilised by the wind ; and of such plants 
only the common beet had been tried. Some plants were raised 
in the greenhouse, and were crossed with pollen taken from a 
distinct plant ; and a single plant, growing quiic separately in a 
difiEbrent part of the house, was allowed to fertilise itself spon- 
taneously. The seeds thus obtained were placed on damp sand, 
and as they germinated in pairs of equal age were planted on 
the opposite sides of four very large pots; nevertheless they 
were considerably crowded. The pots were kept in the hothouse. 
The plants were first measured to the tips of their leaves when 
only between 1 and 2 feet in height, as shown in the following 
table : — 

Table XCVIL 
Zea 


No. of Pot. 

' Crossed I’Uiits. 

Sfif-ti-rtilised PiatitH, 


Inclii'S 

Inches, 

I. 




VI 

, 20^ 


21 

20 

11. 

22 

i 20 



i 181 


213 

183 

III. 

22J 

181 


20^ 

■ 1^! 


m 

183 

! 

211 

! 18 


23 i 

; 183 

IT. 

21 

i 18 


22 J 

i 12 1 


23 

j 15 1 


12 

! 

Total in inches. 

302-88 

i 263-63 

1 


The fifteen crossed plants here average 20*19, and the fifteen 
self-fertilised plants 17*57 inches in height; or os 100 to 87. 
Mr. Galton made a graphical representation, in accordance with 
the method describe in the introductory chapter, of the above 

male flowers usually shed tbeir K. Akad.’ Berlin, Got 1872, 
pollen b^ore the female flowers p, 743. 
are mature: ^Mouatsberlcht der 
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measnrements, and adds the words "very good ” to the curves 
thus formed. 

Shortly afterwards one of the crossed plants in Pot I. died ; 
another became much diseased and stunted ; and the third never 
grew to its full height. They seemed to have been all injured, 
probably by some larva gnawing their roots. Therefore all 
the plants on both sides of tliis pot were rejected in the subse- 
quent measurements. When the plants were fully grown they 
were again measured to the tips of the highest leaves, and the 
eleven crossed plants now averaged 68*1, and the eleven self- 
fertilised plants 62 * 81 inches in height ; or as 100 to 91. In all 
four pots a crossed plant flowered before any one of the self-fer- 
tilised ; but three of the plants did not flower at all. Those that 
flowered were i Iso measured to the summits of the male flowers : 
the ten crossed plants averaged 66*51, and the nine self-fertilised 
plants 61 * 59 inches in height ; or as 1(X) to 93. 

A large number of the same crossed and self-fertilised seeds 
were sown in the middle of the summer in the open ground in 
two long rows. Very much fewer of the self-fertilised than of 
the crossed plants produced flowers ; but those that did flower, 
flowered almost simultaneously. When fully grown the ten 
tallest plants in each row were selected and measured to the 
tips of their highest leaves, as well as to the summits of their 
male flowers. The crossed averaged to the tips of their leaves 
54 inches in height, and the self-fertilised 44*65, or as 100 
to 83; and to the summits of their male flowers, 53*96 and 
43*45 inches; or as 100 to 80. 

PHAIiABIS oanabienbis. 

Hildebrand has shown in the paper referred to under the 
last species, that this hermaphrodite grass is better adapted 
for cross-fertilisation than for self-fertilisation. Several plants 
were raised in the greenhouse close together, and their flowers 
were mutually intercrossed. Pollen from a single plant growing 
quite separately was collected and placed on the stigmas of the 
same plant. The seeds thus produced were self-fertilised, for 
they were fertilised with pollen from the same plant, but it ivill 
have been a mere chance whether with pollen from the same 
flowers. Both lots of seeds, after germinating on sand, were 
planted in pairs on the opposite sides of four pots, which were 
kept in the greenhouse. When the plants were a little over a 
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foot in height they were measured, and the crossed plants 
averagod 13*38, and the self-fertilised 12*29 inches in height; 
or as 100 to 92. 

When in full flower they were again measured to the ex- 
tremities of their culms, as shown in the following table : — 

Table XCVin. 


Fhalaris cartarieriHU, 





No. of Pot. 

Crossed Plants. 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 

42* 

41? 


39j 

458 

II. 

37 

31 § 


49 J 

37 


29 

422 


37 

348 

III. 1 

1 378 

28 


358 

28 



34 

IV. 



40| 

35 i 


37 

34 1 

Total io inches. 

428-00 

392-63 


The eleven crossed plants now averaged 38*9, and the eleven 
self-fertilised plants 35*69 inches in height; or as 100 to 92, 
which is the same ratio as before. Differently to what occurred 
with the maize, the crossed plants did not flower before the self- 
fertilised; and though both lots flowered very poorly from 
having been kept in pots in the greenhouse, yet the self-fertilised 
plants produced twenty-eight fl)wer-heads, whilst the crossed 
produced only twenty ! 

Two long rows of the same seeds were sown out of doors, and 
care was taken that they were sown in nearly equal number ; 
hut a far greater number of the crossed than of the self-fertilised 
seeds yielded plants. The self-fertilised plants were in con- 
sequence not so much crowded as the crossed, and thus had an 
advantage over them. When in full flower, the twelve tallest 
plants were carefully selected from both rows and measured, 
as shown in the following table 





Chap. VI, 


PHALARIS OANARIENSIS, 


237 


Table XCIX. 

PhalariB canariennn (growing in the open ground). 


Croesed Plants, twelve 
tallest. 

Self-fertilised Plants, 
twelve taUest. 

Inches. 

Inches. 

3^J 

358 

35 J 

31 1 

36 

33 

35 1 

32 

35 1 

35 J 

36? 

36 

36 S 

33 

38 § 

32 

36 § 

35J 

35 f 

33 i 

34^ 

34 1 


35 

429-5 ; 

402-0 


The twelve crossed plants here average 35*78, and the twelve 
self-fertilised 33 * 5 inches in height ; or as 100 to 93. In this 
case the crossed plants flowered rather before the self-fertilised, 
and thus differed from those growing in the pots. 
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CHAPTEE VII. 

Bummaet op the Heights and Weights op the Crossed and 
Self-fertilised Plants. 

Number of species and plants measured — Tables given — I*reliminary 
remarks on the offspring of plants crossed l)y a fresh stock— Thirteen 
cases sjiecially considered — The effects of crossing a solf-fertilisod 
p]a!it either by another self-fertilised plant or by an intercrossed plant 
of tlie old stock — Summary the results— Preliminary remarks on 

the crossed and self-fertilised plants of the same stock The twenty- 
six exceptional cases considered, in which the cr«>fised plants did not 
exceed gi-eatly in height the self-fertilised — Most of these cases 
shown not to be real exceptions to the rule that cross-fertilisation 
is ben(‘ficial — Summary of results — Helative weights of the crossed 
and self-fertilised plants. 

The details which have been given under the head 
of each species are so numerous and so intricate, that 
it is necessary to tabulate the results. In Table A, the 
number of plants of each kind which were raised from 
a cross between two individuals of the same stock and 
from self-fertilised seeds, togetlier with their mean 
or average heights at or near maturity, are given. In 
the right-hand column, the mean height of the crossed 
to that of the self-fertilised plants, the former being 
taken as 100, is shown. To make this clear, it may 
be advisable to give an example. In the first genera- 
tion of Ipomcea, six pltmts derived from a cross 
between two plants were measured, and their mean 
height is 86-00 inches; six plants derived from 
flowers on the same parent-plant fertilised with their 
own pollen were measured, and their mean height is 
65-66 inches. From this it follows, as shown in the 
rightrhand column, that if the mean height of the 
crossed plants be taken as 100, that of the self-fer- 
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tilised plants is 76. The same jdan is followed with 
all the other species. 

The crossed and self-fertilised plants were generally 
grown in pots in competition with one another, and 
always under as closely similar conditions as could 
be attained. They were, however, sometimes grown in 
separate rows in the open ground. With several of 
the species, the crossed plants were again crossed, and 
the self-fertilised plants again self-fertilised, and thus 
successive generations were raised and measured, as 
may be seen in Table A. Owing to this manner of 
proceeding, the crossed plants became in the later 
generations more or less closely inter-related. The 
later generations of Mimulus are not included, as a 
new tall variety then prevailed on one side alone, so 
that a fair comparison between the two sides w^as no 
longer possible. With Ipomoea the variety Hero has 
been excluded for nearly the same reason. 

In Table B the relative weights of the crossed and 
self-fertilised plants, after they had flowered and had 
been cut down, are given in the few cases in which 
they were ascertained. The results are, I think, more 
striking and of greater value as evidence of constitu- 
tional vigour than those deduced from the relative 
heights of the plants. 

The most important table is that of C, as it includes 
the relative heights, w^eights, and fertility of plants 
raised from parents crossed by a fresh stock (that is, by 
non-related plants grown under different conditions), 
or by a distinct sub-variety, in comparison with self- 
fertilised plants, or in a few cases with plants of the 
same old stock intercrossed during several generations. 
The relative fertility of the plants in this and the 
other tables will be more fully considered in a future 
chapter. 
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Table A. — Relative Heights of Plants from, Parents crossed with 
Pollen from other Plants of the same Stocky and selffertHised. 





l| 

is 

j 



i 

I 




NAMES OF PLANTa 

.g 

tt 

S3 S 

■si 

II 

-a Pm 

nu 


g 

i 

a, ^ 

w.ft* 

II 

Iw 

ml 









Ipomoea purpurea — 1st generation 

6 

86-00 

G 

65*66 

a? 100 to 

76 

Ipomoea purpurea — 2nd generation 

6 

84-16 

6 

66 -.33 

»> ir 

79 

Ipoinoea purpurea --3rd generation 

6 

77-41 

6 

52-83 

» 

68 

Ipomoea pujrpurea — 4-th generation 

7 

69-78 

7 

60-14 

»» 7f 

86 

Ipomoea purpurea — 5th generation 

6 

82-54 

6 

62*33 

>1 

75 

Iporaoea purpurea — 6th generation 

6 

87-50 

83-94 

6 

63-16 

77 77 

72 

Ipoincna purpurea — 7th generation 

9 

9 

08*25 

77 V 

81 

Ipomooa purpurea — 8th generation 

8 

113-25 

8 

96-65 

77 77 

85 

Ipomoea purpurea — 9th generation 

14 

81-39 

14 

64*07 

77 77 

79 

Jpomcea purpurea-1 0th generation 
Number and average height of aiii 

5 

93-70 

5 

50-40 

77 77 

54 

the plants of the ten genera-! 
tions j 

73 

85-84 

73 

66*02 

77 77 

77 

Mimulus luteus — three first gene- j 







rations, before the new and taller > 
self-fertilised variety appeared ) 

10 

8-19 

10 

5-29 

77 4' 

65 

Digitalis purpurea ..... 

16 

51*33 

8 

35-87 


70 

Calceolaria—^common greenhouse! 
variety) / 

1 

19-50 

1 

15-00 

77 77 

77 

Linari.a vulgaris 

.3 

7-08 

.3 

5-75 


81 

Verbascura thapsus .... 
Vandellia nummularifolia — crossed | 

6 

65-34 

6 

56-50 

»» 77 

86 

and self-fertilised plants, raised > 
from perfect flowers ... . ) 

20 

4-30 

20 

4-27 

ft 77 

99 

Vandellia nummularifolia — crossed i 







and self-fertilised plants, raised 1 
from perfect flowers ; second f 
trial, plants crowded . . . j 

Vandellia nummularifolia — crossed! 

24 

3-60 

24 

3-38 

1 

77 77 

! 

94 

plants raised froix^ perfect flowers, 1 
and self-fertilised plants from! 

20 

4-30 

20 

4-06 

1 

77 77 

94 

cleistogeue flowers • . . .} 

Oesneria pendulina I 

8 

32-06 

8 

29*14 

77 77 

90 

Salvia coccinea ..••*. 

6 

27*85 

6 

21-16 


76 

Origanum vulgare 

4 

20-00 

4 

17-12 

77 77 

86 

Thunbergia alata ..... 

6 

60*00 

6 

[65-00 

77 77 108 

Brassica oleraoea ..... 

9 

41-08 

9 

139-00 


95 

iberis umbeliata — ^the self-fertilised! 

: 

19*12j 


16*39 

77 77 

86 

plants of the 3rd generation 

1 7 

7 

77 7f 
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Table A — continued. 


NAMES OF PLANTS. 


Paparer vagum * ' ■ 

Eschscholtzia californica — English ^ 
stock, 1st generation . . . ) 

Eschscholtzia calitV "uica — English i ! 

stock, ‘2nd generation . . ‘ 

Eschscholtzia californica — Bra-y 

zilian stock, 1st generation . . j 

Eschscholtzia oalifornu;a — Bra- y 
zilian stock, 2n(l generation. . )■ 
Eschscholtzia cal ifornicu — average j 
height and number of all the>' 
plants of Eschscholtzia , . .|| 

Reseda lutea — grown in pots . , | 

Reseda lutea — grown in o^>en ground j 
Reseda odorata — sedf - fertilised jl 
seeds from a highly self-fertile|! 
plant, grown in pots. . . .); 

Reseda odorata — self- fertilised j! 
seeds from a highly self-fertile >j 
plant, grown in open ground . | j 
Re.seda odorata — seif- fertilised ji 
seeds from a semi-self-sterile > I 
plant, grown in pots, . . . )j 

Reseda odorata — self- fertilised | 
seeds from a senii-self-sterile > 
})lant, grown in open ground . ) 

Viola tricolor 

Adonis eestivalis 

Delphinium consolida , . , . 

Viscaria oculata 

Dianthus caryophyllus — open\j 
ground, about ..... j 
Dianthus caryophyllus — 2nd gen-1 
eration, in pots, crowded . . j 

Dianthus caryophyllus — 3rd gen-1 

eration, in pots / 

Dianthus caryophyllus— offspringl 
from jdants of the 3rd self-ferti- 
lised generation crossed by inter-! 
crossed plants of 3rd generation, * 
compared with plants of 4th self- 
fertilised generation . . * .J 


t-S 

11 

s 

Average 

fertilised 

c. *7 cii) rt 

E ? 

> .4 l-i 

15 

19 *.^4 

as UH( tc 89 

4 

25 * 50 

„ „ 80 

11 

32*81 

„ .. lol 

14 

45*12 

,, 101 

19 

50*30 

! „ 11(5 

i 

48 

1 42*72 

i 

M D)7 

24 

1 14*01 

„ „ 85 

8 

23*14 

„ V 82 

19 

‘22*55 

„ „ 82 


8 125*70 8 27*091 


20 29*98 20 27*71 „ ,, 92 


8 25*92 8 1 23 *54 „ „ 90 

14 5*58 14 2*37 „ „ 42 

4 14*25 4 14*31 „ ^ 100 

6 14*95 6 12*50 j „ „ 84 

15 34*50 15 33*55 „ „ 97 

0?!28? 6?' ‘24? „ „ 80 


2 10*75 2 ; 9*75 
8 28*39 8.28*21: 


45 28*00! 10 20*55 
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t 
? . 
!“l 


i-^i 

S3 t 

cfc'5 

a 

0 g 

t’ of the 
Self-fprti- 
be former 

NAMES OF PLANTS. 

i| 

i.s 

A| 

! ^ B 

f - 

0 s 

1 

III 

II 

|| 

x; £ 

.a 5 c -* 


a 

I ^ 

> 

< 

M" 



Dianthns caryophvllus — numlteri 

1 





and average height of all the 
plants of Dianthus . . . 

31 

27 ‘37 

: 20 

25*18 

as 100 to 92 

Hibiscus africanus 

4 

13*25 

4 

14*43 

„ „ 109 

JVlargonium zonale .... 

7 

22*35 

7 

10*02 

« „ 74 

Tropapoluin minus 

8 

58*43 

8 

46 * 00 

„ M 79 

I.imnanthes douglasii .... 

16 

17*46 

16 

13*85 


Lupinus lutens — liml generation . 

8 

30*78 

8 

25*21 


Lupiuus pilosus — plants of tvvol 
generations / 

2 

35*50 


30*50 

»> j» ^6 

Phiuseolus multiflorus .... 

5 

80*00 

5 

82*35 

»» ft 

Pisum sativum 

4 

34*02 

4 

39*08 

„ M 115 

Sarothamnus scoparius — small 1 

seedlings / 

Sarothamnus scoparius — the three! 

G 

2-91 

« 

1*33 

»> ft 

survivors on each side after three > 
years’ growth } 


18*01 


11*83 

»» J» 

Ononis miuutissima .... 

2 

19*81 

2 i 

17*37 

,t tt 88 

Clarkia clegana 

4 

33*50 

4 

27*02 

j> »» 82 

Bartonia aurea 

8 

24*62 

8 

20*31 

„ » 107 

Passiflora gracilis . . , , . 

2 

49*00 

2 

51*00 

„ „ 104 

Apium pctroselinum .... 


sot 

nwMared. 

}'{ 

lint 

m^winred. 

} „ » 100 

Scabiosa atro-purpurea. 

4 

17*12 

4 

15*37 

» » 00 

Lactuca sativa — plants of two gen-'l 
orations 

7 

19*43 

6 

16*00 

,1 „ 82 

Specula ritt speculum .... 

4 

19*28 

4 

18*93 

„ 08 

Ixtbelia ramosa — 1st generation . 

4 

22*25 

4 

18*37 

„ 82 

Lobelia ramosa — 2nd generation . 


23*33 

3 

19*00 

»» » 81 

Lobelia fulgens — 1st generation , 

2 

34*75 

2 

44*25 

» 1, 127 

LoJ>elia fulgens — 2nd generation , 

23 

29*82 

23 

27*10 

„ 91 

Kemophila insignis — half-grown . 

12 

11*10 

12 

5*45 

» ,, 49 

Nemophila insignis — the same fullyl 


33*28 


19*90 


grown 



tt ft 

Borago officinalis 

4 

20*68 

4 

21*18 

ff ft 102 

Kolana proatrata ..... 

5 

12*75 

5 

13*40 

„ „ 105 

Petunia violacea — Ist generation . 

5 

30*80 

5 

26*00 

»» *> 84 

Petunia violaoca — 2ad generation • 

4 

40*50 

0 

26*^5 

tt tt 65 

Petunia violacea — 3rd generation . 

8 

40*90 

8 

53*87 

» 1, 131 

Petunia violacea—^th generation . 

15 

1 

46*79 

14 j 

32*39 
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Table A — continued. 


NAMES OF PLANTS. 


Petunia violacen — ith generation, V 
from a distinct parent . • . / 

Petunia violacea — 6th generation . 
Petunia violacea — .'^th generation, 'i 

in open ground I 

Petunia violacea — Number andj! 
average height of all the plants | 
in pots of Petunia . . . . j 

Nicotiaua tabacum — 1st generation 
Nicotiana tabacum — 2nd generation 
Kicotiana tabacum — 3rd generation 
Nicotiana tabacum — 3i*d generation! | 
but raised from a distinct plant / j 
Nicotiana tabacum — number andi 
average height of all the plants) 

of Nicotiana ) 

Cyclamen persicum. , , . . i 

Anagallis collina ! 

Primula sinensis — a dimorphic! I 

species / j 

Fagopyrum esculentum — a dimor- 
phic species 

Beta vulgaris — in pots. 

Beta vulgaris — in open ground . I 
Canna warscewicai — plants of threeV 

generations j 

Zea mays — in pots, whilst young,! 

measured to tips of leaves . ./ 

Zea mays — when full grown, after 
the death of some, measured to 

tips of leaves 

Zea mays — when full grown, after ij 
the death of some, measured to> 
tips of flowers , ^ , ,) 

Zen mays — grown in open ground,! 

measured to tips of leaves . . / 

Zea mays — grown in open ground,! 

measured to tips of flowere . . /j 

PhalarU canariensis — in pots 
Phalaris canariensis — in open ground 


: 


Number of the Crossed 
Plants measured. 

Average height of Crossed 
Plants in Inches. 

£*1 

Si 

S ® 
5 «g 

■£ S 

i-S 

II 

si; t 

(M *3 

f ’-g 

Average height of the 
Crossed to the Self-forti- 
lisetl Plants, the former 
taicen as 100. 

13 

44-74 

13 

00 

rn 

as 100 to 00 

22 

54-11 

21 133*23! 

„ „ 01 

10 

38-27 

10 

23-31 

M 01 

07 

40-53 

07 

33*12 

» It 71 

4 

18-50 

4 

32-75 

„ tt 178 

0 

53 * 84 

7 

51-78 

„ 90 

7 

05 • 25 

7 

79-00 

„ „ 83 

7 

70-78 

9 

1 

71*30 

„ ,, 101 

*27 

03*73 

27 ; 

61-31 

» ,, 86 

8 

0-49 

1 

8?! 

7-50 


0 

42 • 20 

0 

33-35 

69 

8 

9*01 


9-03 

„ „ 100 

15 

38-00 

15 

26*13 

„ „ 69 

8 

34-09 

8 

29-81 

>t 

8 

30*92 

8 

30-70 

„ 99 

34 

35-98 

34 

30-39 

„ „ 101 

15 

20-19 

15 

17-57 

u tt 87 







08-10 


02-34 

n 91 


66 ’51 


01-59 

^ 93 

10 

54-00 

10 

44-55 

»» »> 83 


5.3-96 


43*45 

>» jj 80 

11 

38-90 

11 

35*69 

o 92 

12 

35-78 

12 

33*50 

„ „ 93 
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Table B. — Relative Weights of Plants from Parents crossed with 
Pollen from distinct Plants of the same Stock, and Selffertllised, 


NAMES OF PLANTS. 


Ipomcea purpurea — plants of the 10th 

generation 

Vandellia numrnularifolia — 1st genera- 
tion 

Brassica oleracea — 1st generation . 
Eschscholtzia califoruica — plants of the 

2nd generation 

Keseda iutea — 1st generation, grown in 

pots . 

Ueseda Iutea — 1st generation, grown in 

open ground 

iieseda odorata — 1st generation, de- 
scended from a highly self-fertile 

plant, grown in p<»ts 

Reseda odorata — Ist generation, de- 
scended from a semi-self-sterile plant, 



grown in pots j 

Dianthus caryophyllus— plants of thei 

3rd generation / 

Petunia violacea — plants of the 5th 1 

generation, in pots j 

Petunia violacea — plants of the 5th i 
genei*ation, in open ground . , .j 


umbor 

Orosaed 

lants. 

Number 
of Solf- 
fertilised 
Plants. 

Weight of the 
Cross^ Plants 
taken us lou. 

G 

G 

as too 

to 44 

41 

41 


„ 97 

9 

9 

?» 

„ 37 

19 

19 

>» 

,7 118 

24 

24 


7, iil 

8 

8 

»> 

,7 40 

19 

19 

»» 

„ 67 

20 

20 


,7 ^9 

8 

8 

7» 

,7 49 

22 

21 


77 22 

10 

10 * 

7» 

„ 36 
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Table Q.^Bdaiive Heights^ Weights^ and Fertility of PlanU from 
Parents cromd hy a fresh Stock, and from Parents either fie//* 
ferttlised or intercrossed with Plants of the same Stock, 


NAMES OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 

Il 

g'S 

M ** 

ft 

II 

I*' 

Average Height in inches and 
Weight. 

^ii 

Jl’s 

Average Height in inches and 
Weight. 

Height, Weight, and Fertility 
of the Plants from the Cross 
with a Frtsh Stock taken as 
100. 

Ipomcea purpurea — offspring of\ 
plants intercrossed fur nine gen- 
erations and then crossed by al 
fresh stock, compared with] 
plants of the 10th intercrossed 
generation . . , , . J 

! 19 

8-t*03 

19 

! 

65-78 

as 100 to 

78 

Ipomma purpurea — offspring of 
plants intercrossed for nine gen- 
ei*ations and then crossed by a 
fresh stock, compared with ' 
plants of the 10th intercross€<i 
generation, in fertility . . 

•• 

** 

•• 

• • 

»» »» 

51 

Mimulusluteus — offspring of plants > 
self-fertilised for eight genera- 1 
tions and then crossed by a fresh! 
stock, compared with plants ofl 
the 9th self-fertilised generation/ 

28 

21-62 

19 

10-44 

»» n 

52 

Mimulusluteus — offspring of plants’ 
self-fertilised for eight genera- 
tions and then crossed by a fresh! 
stock, compared with plants ofj 
the 9th self-fertilised generation, 
in fertility 

• # 

•• 

-• 

1 


3 

Mimulna luteus — offspring of plants' 
self-fertilised for eight genera- 
tions and then cross^ by a fresh 
stock, compared with the ofT- 
gpnng of a plant self-fertilised} 
for eight generations, and then 
intercrossed with another self- 
fertilised plant of the same gen- 
eration 

28 

21-62 

27 

12-20 

w »» 

1 

56 
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Table C— continued. 


1 

is A 

1 

$ 

•§ 

£ 

zi 


s 

1 

ja 6) 

|5| 


a 


a 

1 

Ip 

o 

¥ 

> \ 
< 

=f'3 

> 

< 


NAMES OK PLANTS AND NATUUE 
OF THE EXPERIMENTS. 


m 


\i 

I 

I 

2^ 


r- A. 

*-*' 4» - 

•§,5^ 


^ . 
•sl 


Mimiilus luteus — offspring of plants' 
self- fertilised for eight genera- 
tions and then crossed hy a fresh 
stock, compared with the off- 
spring of a plant self-fertilised 
for eight generations, and then 
intercrossed with another self- 
fertilised plant of the same gen- 
eration, in fertility , , , 

brassica oleracea — offspring of^ 
plants self-fertilised for two gen- 
erations and then crossed by a 
fresh stock, corojjared with 
plants of the J:Jrd self-fertilised 
generation, by weight , . 

iberis nmbellata-— offspring fronV 
English variety crossed by 
slightly different Algerine va- 
riety, compared with the self- 1 
fertilised o&pring of the English, 
variety 

Iboris umbellata — offspring fromi 
English variety, crossed by 
slightly different Algerine 
variety, compared with the self-; 
fertilised offspring of the English 
variety, in fertility , . 

Eschscholtziacalifornica — offspring^ 
of a Brazilian stock crossed by 
an English stock, compared with 
plants of the Brazilian stock of| 
the 2nd self-fertilised generation, 

Bichscholtzia californica—offspringl 
of a Brazilian stock crossed by 
an English stock, compared with 
plants of the Brazilian stock ofj 
the 2Dd self-fertilised generation, 
in weight 


30 


19 


100 to 4 


17-34 


29 


15*51 


22 


89 


45*92 


19 


50*30 


„ 109 


„ 118 




OF HEASUBEttENTS. 


, . vT*; A15 X> ‘NATUK^jI 4 

"^'“^VTUKiamUMKHTS. V 


I 

cJ-* 


[5 !s 


£» % Illl I 

’ Ui ? m\ I 
W\i 


.IsUWto^O 

of 8 Bria>l'“" wWl'l _ 1 .. .• j 

1 

in fertiUty • • • ' 11 1 

SS;S';s=4 11; 

in height. • • 1 I I , 

1 1 1 ; 

in weight *‘*^..11 11 

i«S5Sr-1i ■■ ii ■ ^ 

Infertility • • • . . i 

"^i‘X3SIes4.Li«w' 

■r/s-“5i4 

ganemtiou • • • 


16 32-82' W i26'^^ 


of * ' 'i then ertsee* bjU 
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Table C — continued. 


NAMKS OF PLANTS AND NATURE | 
OF THE EXPERIMENTS. If 


Dianthus caryophyllus—- offspring' 
of ])liiuts self-fertilised for three 
generations and then crossed by 
a fresh stock, compared with the 
offs]>ring of plants self-fertilised 
for three generations and then 
crossed by plants ot the 3rd 
intercrossed generation . . 

Diant h us caryophy 1 lus— offspring 
of plants self-fertilised for three 
generations and then crossed by 
a fresh stock, compared with the 
offspring of plants self-fertilised 
^br three generations and then 
crossed by plants of the 3rd 
intercrossed generation, in fer- 
tility ^ 

Pisuni sativum — offspnng from a 
cross between two closely allied 
varieties, compared with the self- 
fertiliseil offspring of one of the 
varieties, or with intercrosstsl 
plants of the same stock 

Lathyrus odoratus — offspring from' 
two varieties, differing only in 
colour of their flowers, compared 
with the self-fertilised offsjiriug ' 
of one of the varieties : in 1st 
generation 

Lathyrus odoratus— offspring from' 
two varieties, differing only in 
colour of their flowers, compared 
with the seif-fertilised offspring " 
of one of the varieties : in 2ud 
generation 



Height, Weight, and Fertility 
of the Plants fiom the Cross 
with a Fresh Stock taken as 
100 . 
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TabXiE C — continued. 


NAMES OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 


C8 

"O 

a 45 

•g 


§ 

Si 

§ 


1 

Sa* 

1 


a 


o 

a 

II 
^0* 1 

II: 

ei^ht in 
Weight. 


fJs: 

H 

O 

g 

> 

|l| 

111 

t=l 

1 M 

> 

2: 

< 




•e 

a> v 






A o ttS 


Petunia violacea — offspring oH 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the bth self-fertilised 
generation, in height 
Petunia violacea — offspring ofj 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the 5th self-fertilised 
generation, in weight , . 

Petunia violacea — offspring of^ 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the 5th self-fertilised 
generat ion, grown in open ground, 

in height ^ 

Petunia violacea — offspring of^ 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the 5th self-fertilised 
generation, grown in open ground, 

in weight ^ 

Petunia violacea — offspring ofl 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the 5th self- fertilised 
generation, grown in open ground, 
in fertility , * , , . 

Petunia violacea — offspring ofl 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, comjmred with 

plants of the 5th intercrossed 
generation, in height « • 


21 


10 


21 


50*05 


21 


36*67 


10 


50*05 


22 


33*23 


as 100 to 66 


23 


23*31 


63 


53 


54*11 


46 


„ 108 
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Table G — continued. 



e) 

1 *0 

•J. • 

•P 



1 B 
! 00 


: § 



1 


! s 



o 


*5 


Is 

C 



NAMES OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 

^ £ 

JS « 

a 

if • 

eight in 
Weight 



‘ w 

k £ 



-SI 

pU 

0) 

S’ 

u 

o 

> 

gpS! 

1 


'A 


ir.'-o 1 



*. V < 

t fuJt 
« ? S 

* ci 

[u 

•te’Sf 


Petunia violacea — offspring 
plants self-fertilised for four! 
generations and then crossed byl j 
a fresh stock, compared withji 
plants of the 5th intercrossed*' 
generation, in weight . . 

Petunia riolacea — offspring ofj 
plants self fertilised for four 
generations and then crossed by 
a fresh stock, compared with 
plants of the 5th intercrossed 
generation, grown in open ground, 
in height j 

Petunia violacea — • offspring of| 
plants self-fertilised for four 
generations and then crossed byi 
a fresh stock, compared with> 
plants of the 5th intercrossed! 
generation, grown in open ground, 
in weight 

Petunia violacea — offspring of| 
plants self-fertilised for four' 
generations and then crossed by ■ . 
a fresh stock, compared with>i 
plants of the 5th intercrossetll I 
generation, grown in open ground, 
in fertility , . , . 


las 100 to 101 


10'36‘07 1U:;)8*27! „ „ 104 


! 

I »» V 


Nicotiana tabacum — offspring of| 
plants self-fertilised for three 
generations and then crossed ly 
a slightly different variety, com- 
pared with plants of the 4th 
self-fertilised generation, grown 
not much crowded in pots, in 
height 


26 ’63*29 

I 


26 


41*67 I 


66 
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AMES OF PLANTS AND NATURE 
OF i HE EXPERIMENTS. 


ej 



Nicotiana tabsicum — offspring oO 
plants se 1 f -Ter ti Used for throe I 
generations and then crossed by I 
a slightly diflerent variety, coni-> 12 
pared with plants of the 4th 
self-ferlilised generation, grown 
much crowded in pots, in heightj j 

Nicotiana tabacum — offspring ofi j 
plants self-fertilised for three j 
generations and then cr<issed by ' 
a slightly difierent variety, com- , , 
pared with plants of the 4th i 
self-fertilised generation, grown 1 
much crowded in pots, in weightj j 


Nicotiana tabacum — offspring of 
plants self-fertilised for three 
generations and then crossed by 
a slightly different variety, com- 
pared with plants of the 4th 
self-fertilised generation, grown 
in open ground, in height . 


20 


Nicotiana tabacum — offspring of 
plants self-fertilised for three 
generations and then crossed by 
a slightly different variety, com- 
pared with plants of the 4th 
self-fertilised generation, grown 
in open ground, in weight • 


% 

II 

■s 

os 

$ 

*8 

o 


1 

is 

bO 

eL 

it 




W 



I 


1 

< 

m 

> 

< 


bn 

III 


31*53 


48*74 


12 ; 17*21 


as 100 to 54 


20 


35*20 


37 


72 


63 


Anagallis coll ina— -offspring from 
variety crossed by a blue 
variety, compared with the self- 
fertilis^ offspring of the red 
variety 


27*62 


18*21 


n 66 
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Table C — continmd. 


NAMES OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 



Anagallis collina — oflf'spring from 
red variety crossed by a blue 
variety, compared with the self-V 
fertilised ofispring of the red 
variety, in fertility . . . J 

Primula vcris— noffspring from long-^ 
styled plants of the 3rd illegiti- 
mate generation, crossed by a 
fresh stock, compared with ' 
plants of the 4th illegitimate 
and self-fertilised generation .J 
Primula veris — offspring from long-l 
styled plants of the 3rd illegiti- 
mate generation, crossed by a 
fresh stock, compared with ► 
plants of the 4th illegitimate 
and self-fertilised generation, in 
, fertility ...... .J 

Primula veris— offspring from long-) 
styled plants of the 3rd illegiti- 
mate generation, crossed by a 
fresh stock, compared with ► 
plants of the 4th illegitimate 
and self-fertilised generation, in 
fertility in following year , .J 
Primula veris (equal-styled, red-) 
flowered variety) — offspring from 
plants self-fertilised for two 
generations and then crossed by aV 
different variety, compared with 
plants of the 3rd self-fertilised ] 

generation J ! 

Primula veris (equal-styled, red-)' 
flowered variety) — offspring from ’ 
plants self-fei'tilised for two ; 
generations and then crossed byaV 
different variety, compared with 
plants of the 3rd self-fei*tilised 
generation, in fertility , . 


8 


7-03 j 8 


3 8’66 3 



3*21 


7 ’ 3:3 


as 100 to 6 


46 


„ 3 5 


85 


»» 


11 


Height, Weight, and Fertility 
of the Plants from the CYoas 
with a Fresh Stock taken as 
100 . 
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In these three tables the measurements of fifty-seven 
species, belonging to fifty-two genera and to thirty 
great natural families, are given. The species are 
natives of various parts of the world. The number 
of crossed plants, including those derived from a cross 
between plants of the same stock and of two different 
stocks, amounts to 1,101 ; and the number of self-fer- 
tilised plants (including a few in Table C derived 
from a cross between plants of the same old stock) 
is 1,076. Their growth was observed from the germi- 
nation of the seeds to maturity; and most of them 
were measured twice and some thrice. The various 
precautions taken to prevent either lot being unduly 
favoured, have been described in the introductory 
chapter. Bearing all these circumstances in mind, it 
may be admitted that we have a fair basis for judging 
of the comparative effects of cross-fertilisation and of 
self-fertilisation on the growth of the offspring. 

It will be the most convenient plan first to consider 
the results given in Table C, as an opportunity will thus 
be afforded of incidentally discussing some important 
points. If the reader will look down the right-hand 
column of this table, he will see at a glance what an 
extraordinary advantage in height, weight, and fer- 
tility the plants derived from a cross with a fresh stock 
or with another sub-variety have over the self-fertilised 
plants, as well as over the intercrossed plants wof the 
same old stock. There are only two exceptions to this 
rule, and these are hardly real ones. In the case of 
Eschscholtzia, the advantage is confined to fertility. 
In that of Petunia, though the plants derived from a 
cross with a fresh stock had an immense superiority in 
height, weight, and fertility over the self-fertilised 
plants, they were conquered by the intercrossed plants 
of the same old stock in height and weight, but not 
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in fertility. It has, however, been shown that the 
superiority of these intercrossed plants in height and 
weight was in all probability not real ; for if the two 
sets had been allowed to grow for another month, it is 
almost certain that those from a cross with the fresh 
stock would have been victorious in every way over 
the intercrossed plants. 

Before we consider in detail the several cases given 
in Table C, some preliminary remarks must be made. 
There is the clearest evidence, as we shall presently 
see, that the advantage of a cross depends wholly on 
the plants differing somewhat in constitution ; and that 
the disadvantages of self-fertilisation depend on the two 
parents, which are combined in the same hermaphrodite 
flower, having a closely similar constitution. A certain 
amount of differentiation in the sexual elements seems 
indispensable for the full fertility of the parents, and 
for the full vigour of the offspring. All the individuals 
of the same species, even those produced in a state of 
nature, differ somewhat, though often very slightly, 
from one another in external characters and probably in 
constitution. This obviously holds good between the 
varieties of the same species, as far as external characters 
are concerned ; and much evidence could be advanced 
with respect to their generally differing somewhat in 
constitution. There can hardly be a doubt that the 
differences of all kinds between the individuals and 
varieties of the same species depend largely, and as I 
believe exclusively, on their progenitors having been 
subjected to different conditions ; though the conditions 
to which the individuals of the same species are ex- 
posed in a state of nature often falsely appear to us the 
same. For instance, the individuals growing together 
are necessarily exposed to the same climate, and they 
seem to us at first sight to be subjected to identically 
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the same conditions ; hut this can hardly be the case, 
except under the unusual contingency of each individual 
being surrounded by other kinds of plants in exactly 
the same proportional numbers. For the surround- 
ing plants absorb different amounts of various sub- 
stances from the soil, and thus greatly affect the 
nourishment and even the life of the individuals of 
any particular species. These will also be shaded and 
otherwise affected by the nature of the surrounding 
plants. Moreover, seeds often lie dormant in the 
ground, and those which germinate during any one 
year will often have been matured during very different 
seasons. Seeds are widely dispersed by various means, 
and some will occasionally be brouglit from distant 
stations, where their parents have grown under some- 
what different conditions, and the plants produced 
from such seeds will intercross with the old residents, 
thus mingling their constitutional peculiarities in all 
sorts of proportions. 

Plants when first subjected to culture, even in their 
native country, ciinnot fail to be exposed to greatly 
changed conditions of life, more especially from 
growing in cleared ground, and from not having to 
compete with many or any surrounding plants. They 
are thus enabled to absorb whatever they require 
which the soil may contain. Fresh seeds are often 
brought from distant gardens, where the parent- 
plants have been subjected to different conditions. 
Cultivated plants like those in a state of nature 
frequently intercross, and will thus mingle their 
constitutional peculiarities. On the other hand, as 
long as the individuals of any species are culti- 
vated in the same garden, they will apparently be 
subjected to more uniform conditions than plants in a 
state of nature, as the individuals have not to compete 
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with various surrounding species. The seeds sown at 
the same time in a garden have generally been matured 
during the same season and in the same place ; and in 
this respect they difler much from the seeds sown by 
the hand of nature. Some exotic plants are not 
frequented by insects in their new home, and there- 
fore are not intercrossed ; and this appears to be a 
highly important factor in the individuals acquiring 
uniformity of constitution. 

In my experiments the greatest care was taken that 
in each generation all the crossed and self-fertilised 
plants should be subjected to the same conditions. 
Not that the conditions were absolutely the same, for 
the more vigorous individuals will have robbed the 
weaker ones of nutriment, and likewise of water when 
the soil in the pots was becoming dry ; and both lots 
at one end of the pot will have received a little more 
light than those at the other end. In the successive 
generations, the plants were subjected to somewhat 
difierent conditions, for the seasons necessarily varied, 
and they were sometimes raised at different periods of 
the year. But as they were all kept under glass, they 
>vere exposed to far less abrupt and great changes of 
temperature and moisture than are plants growing out 
of doors. With respect to the intercrossed plants, their 
first parents, which were not related, would almost 
certainly have differed somewliat in constitution ; and 
such constitutional peculiarities would be variously 
mingled in each succeeding intercrossed generation, 
being sometimes augmented, but more commonly 
neutralised in a greater or less degree, and sometimes 
revived through reversion ; just as we know to be the 
case with the external characters of crossed species and 
varieties* With the plants which were self-fertilised 
during the successive generations, this latter important 
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source of some diversity of constitution will have been 
wholly eliminated ; and the sexual elements produced 
by the same flower must have been developed under as 
nearly the same conditions as it is possible to conceive. 

In Table C the crossed plants are the offspring of a 
cross with a fresh stock, or with a distinct variety ; and 
they were put into competition either with self-fertilised 
plants, or with intercrossed plants of the same old stock. 
By the term fresh stock 1 mean a non-relatcd plant, 
the progenitors of which have been raised during some 
generations in another garden, and have consequently 
been exposed to somewhat different conditions. In the 
case of Nicotiana, Iberis, the red variety of Primula, the 
common Pea, and perhaps Anagallis, the plants which 
were crossed may be ranked as distinct varieties or 
sub-varieties of the same species ; but with Ipomcea, 
Mimulus, Dianthus, and Petunia, the plants which 
w^ere crossed differed exclusively in the tint of their 
flowers ; and as a large proportion of the plants raised 
from the same lot of purchased seeds thus varied, the 
differences may be estimated as merely individual. 
Having made these preliminary remarks, we will now 
consider in detail the several cases given in Table 0, 
and they are well worthy of full consideration. 

(1.) Iponwea purpurea . — Plants grow ing in the same 
pots, and subjected in each generation to the same 
conditions, were intercrossed for nine consecutive 
generations. These intercrossed plants thus became in 
the later generations more or less closely inter-related. 
Flowers on the plants of the ninth intercrossed genera- 
tion were fertilised with pollen taken from a fresh 
stock, and seedlings thus raised. Other flowers on the 
same intercrossed plants were fertilised with pollen 
from another intercrossed plant, producing seedlings of 
the tenth intercrossed generation. These two sets of 
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seedlings were grown in competition with one another, 
and differed greatly in height and fertility. For the 
offspring from the dross \^dth a fresh stock exceeded in 
height the intercrossed plants in the ratio of 100>to78 ; 
and this is nearly the same excess which the inter- 
crossed had over the self-fertilised plants in all ten 
generations taken together, namely, as 100 to 77. The 
plants raised from the cross with a fresh stock were 
also greatly superior in fertility to the intercrossed, 
namely, in the ratio of 100 to 51, as judged by the 
relative weight of the ' seed-capsules produced by an 
equal number of plants of the two sets, both having 
been left to be naturally fertilised. It should be 
especially observed that none of tlie plants of either lot 
were the product of self-fertilisation. On the contrary, 
the intercrossed plants had certainly been crossed for the 
last ten generations and probably during all previous 
generations, as we may infer from the structure of the 
flowers and from the frequency of the visits of humble- 
bees. And so it will have been with the parent-plants 
of the fresh stock. The whole great difference in height 
and fertility between the two lots must be attributed to 
the one being the product of a cross with pollen from a 
fresh stock, and the other of a cross between plants of 
the same old stock. 

This species offers another interesting case. In the 
five first generations in whi^h intercrossed and self- 
fertilised plants were put into competition with one 
another, every single intercrossed plant beat its self- 
fertilised antagonist, except in one instance, in which 
they were equal in height. But in the sixth gene- 
•ratian a plant appeared, named by me the Hero, re- 
Jnarkable for its tallness and increased self-fertility, 
and which transmitted its characters to the next three 
geiilfiimtions. The children of Hero were again self- 
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fertilised, forming the eighth self-fertilised generation, 
and were likewise intercrossed one with another ; but 
this cross between plants which had been subjected 
to the same conditions and had been self-fertilised 
during the seven previous generations, did not effect 
the least good; for the intercrossed grandchildren were 
actually shorter than the self-fertilised grandchildren, 
in the ratio of 100 to 107. We here see that the 
mere act of crossing two distinct plants does not by 
itself benefit the oftspriiig. This case is almost the 
converse of t^'at in the last paragraph, in which the 
offspring profited so greatly by a cross with a fresh 
stock. A similar trial was made with the descendants 
of Hero in the following generation, and with the same 
result. But the trial cannot be fully trusted, owing 
to the extremely unhealthy condition of the plants. 
Subject to this same serious cause of doubt, even a 
cross with a fresh stock did not benefit the great- 
grandchildren of Hero ; and if this were really the case, 
it is the greatest anomaly observed by me in all my 
experiments. 

(2.) Mlmulus luteus , — During the three first genera- 
tions the intercrossed plants taken together exceeded 
in height the self-fertilised taken together, in the ratio 
of 100 to 65, and in fertility in a still higher degree. 
In the fourth generation a new variety, which grew 
taller and had whiter and larger flowers than the old 
varieties, began to prevail, especially amongst the seK- 
fertilised plants. This variety transmitted its characters 
with remarkable fidelity, so that all the plants in the 
later self-fertilised generations belonged to it. These 
consequently exceeded the intercrossed plants consider- 
ably in height. Thus in the seventh generation the 
intercrossed plants were to the self-fertilised in height 
as 100 to 137. It is a more remarkable fact that the 

s 2 
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self-fertilised plants of the sixth generation had become 
much more fertile than the intercrossed plants, judging 
by the number of capsules spontaneously produced, in 
the ratio of 147 to 100. This variety, which as we 
have seen appeared amongst the plants of the fourth 
self-fertilised generation, resembles in almost all its 
constitutional peculiarities the variety called Hero, 
which appeared in the sixth self-fertilised generation 
of Ipomoea. No other such case, with the partial ex- 
ception of that of Nicotiana, occurred in my experi- 
ments, carried on during eleven years. 

Two plants of this variety of Mimnlus, belonging to 
the sixth self-fertilised generation, and growing in 
separate pots, were intercrossed ; and some flowers on 
the same plants were again self-fertilised, h'^rom the 
seeds thus obtained, pl«ants derived from a cross 
between the self-fertilised plants, and others of the 
seventh self-fertilised generation, were raised. But 
this cross did not do the least good, the intercrossed 
plants being inferior in height to the self-fertilised, in 
the ratio of 100 to 110. This case is exactly parallel 
with that given under Ipomcea, of the grandchildren 
of Hero, and apparently of its great-grandchildren ; 
for the seedlings raised by intercrossing these plants 
were not in any way superior to those of the cor- 
responding generation raised from the self-fertilised 
flowers. Therefore in these several cases the crossing 
of plants, which had been self-fertilised for several 
generations and which had been cultivated all the 
time under as nearly as possible the same conditions, 
was not in the least beneficial. 

Another experiment was now tried. Firstly, plants 
of the eighth self-fertilised generation were again 
•elf-fertilised, producing plants of the ninth self- 
lertilised generation. Secondly, two of the plants of the 
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eighth self-fertilised generation were intercrossed one 
with another, as in the experiment above referred to; 
but this was now efiected on plants which had been 
subjected to two additional generations of self-fer- 
tilisation. Thirdly, the same plants of the eighth self- 
fertilised generation were crossed with pollen from 
plants of a fresh stock brought from a distant garden. 
Numerous plants were raised from these three sets of 
seeds, and grown in competition with one another. 
The plants derived from a cross between the self-fer- 
tilised plants exceeded in height by a little the self- 
fertilised, viz., as 100 to 92; and in fertility in a greater 
degree, viz., as 100 to 73. I do not know whether 
this difference in the result, compared with that in the 
previous case, can be accounted for by the increased 
deterioration of the self-fertilised plants from two 
additional generations of self-fertilisation, and the 
consequent advantage of any cross whatever, although 
merely between the self-fertilised plants. But however 
this may ho, the effects of crossing the self-fertilised 
plants of the eighth generation with a fresh stock were 
extremely striking ; for the seedlings thus raised were 
to the self-fertilised of the ninth generation as 100 to 
52 in height, and as 100 to 3 in fertility ! They were 
also to the intercrossed plants (derived from crossing 
two of the self-fertilised plants of the eighth generation) 
in height as 100 to 56, and in fertility as 100* to 4. 
Better evidence could hardly be desired of the potent 
influence of a cross with a fresh stock on plants which 
had been self-fertilised for eight generations, and had 
been cultivated all the time under nearly uniform 
conditions, in comparison with plants self-fertilised 
for nine generations continuously, or then once inter- 
crossed, namely in the last generation. 

(3.) Brassica chraeea . — Some flowers on cabbage 
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plants of the second self-fertilised generation were 
crossed with pollen from a plant of the same variety 
brought from a distant garden, and other flowers w^ere 
again self-fertilised. Plants derived from a cross with 
a fresh stock and plants of the third self-fertilised 
generation w^ere thus raised. The former were to 
the self-fertilised in weight as 100 to 22; and this 
enormous difference must be attribut(^d in part to 
the beneficial effects of a cross wdth a fresh stock, 
and in part to the deteriorating effects of self-fertilisa- 
tion continued during three generations. 

(4.) Iheris imhellata. — Seedlings from a crimson 
English variety crossed by a pale-coloured variety 
which had been growm for some generations in Algiers, 
were to the self-fertilised seedlings from the crimson 
variety in height as 100 to 89, and as 100 to 75 in 
fertility. I am surprised that this cross wdth another 
variety did not produce a still more strongly marked 
beneficial effect ; for some intercrossed plants of the 
crimson English variety, put into competition with 
plants of the same variety self-fertilised during three 
generations, were in height as 100 to 86, and in 
fertility as 100 to 75. The slightly greater difference 
in height in this latter case, may possibly be attributed 
to the deteriorating effects of self-fertilisation carried 
on for two additional generations. 

(5.) Eschscholizia californica , — This plant offers an 
almost unique case, inasmuch as the good effects of a 
cross or the evil effects of self-fertilisation are confined 
to the reproductive system. Intercrossed and self- 
fertilised plants of the English stock did not differ 
in height (nor in weight, as far as w^as ascertained,) in 
any constant manner ; the self-fertilised plants usually 
having the advantage. So it was with the offspring 
of plants of the Brazilian stock, tried in the same 
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manner. The parent-plants, however, of the English 
stock produced many more seeds when fertilised with 
pollen from another plant than when self-fertilised; 
and in Brazil the parent-plants were absolutely sterile 
unless they were fertilised with pollen from another 
plant. Intercrossed seedlings, raised in England from 
the Brazilian stock, compared with self-fertilised seed- 
lings of the corresponding second generation, yielded 
seeds in number as 100 to 89 ; l)oth lots of plants being 
left freely exposed to the visits of insects. If we now^ 
turn to the effects of crossing plants of the Brazilian 
stock with pollen from the English stock, — so that 
plants which had been long exposed to very different 
conditions were intercK)ssed, — we find that the off- 
spring were, as before, inferior in height and weight to 
the plants of the Brazilian stock after two genera- 
tions of self-fertilisation, but were superior to them 
in the most marked manner in the number of seeds 
producjed, namely, as 100 to 40 ; both lots of plants 
being left freely exposed to the visits of insects. 

In the case of Ipomoea, we have seen that the 
plants derived from a cross with a fresh stock were 
superior in height as 100 to 78, and in fertility as 100 
to 51, to the plants of the old stock, although these 
had been intercrossed during the last ten generations* 
With Eschscholtzia we have a nearly parallel case, 
but only as far as fertility is concerned, for the plants 
derived from a cross with a fresh stock were superior 
in fertility in the ratio of 100 to 45 to the Brazilian 
plants, which had been artificially intercrossed in 
England for the two last generations, and which must 
have beeit naturally intercrossed by insects during all 
previous generations in Brazil, where otherwise they 
are quite sterile. 

(6.) Bimihus caryophyllvs , — Plants self-fertilised 
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for three generations were crossed with pollen from a 
fresh stock, and their offspring were grown in compe- 
tition with plants of the fourth self-fertilised genera- 
tion. The crossed plants thus obtained were to the 
self*-fertilised in height as 100 to 81, and in fertility 
(both lots being left to be naturally fertilised by 
insects) as 100 to 33. 

These same crossed plants were also to the off- 
spring from the plants of the third self-fertilised gene- 
ration crossed by the intercrossed plants of the cor- 
responding generation, in height as 100 to 85, and in 
fertility as 100 to 45. 

We thus see what a great advantage the offspring 
from a cross with a fresh stock had, not only over the 
self-fertilised plants of the fourth generation, but 
over the offspring from the self-fertilised plants of the 
third generation, when crossed by the intercrossed 
plants of the old stock. 

(7.) Pisum sativum . — It has been showm under the 
head of this species, that the several varieties in this 
country almost invariably fertilise themselves, owing 
to insects rarely visiting the flowers; and as tho 
plants have been long cultivated under nearly similar 
conditions, we can understand why a cross between 
two individuals of the same variety does not do the 
least good to the offspring either in height or fertility. 
This case is almost exactly ])arallel with that of 
Mimulus, or that of the Ipomoea named Hero ; for 
in these two instances, crossing plants which had been 
self-fertilised for seven generations did not at all 
benefit the offspring. On the other hand, a cross 
between two varieties of the pea causes a marked 
superiority in the growth and vigour of the offspring, 
over the self-fertilised plants of the same varieties, 
as shown by two excellent observers. From my own 
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observations (not made with great care) the offspring 
from crossed varieties were to self-fertilised plants in 
height, in one case as 100 to about 75, and in a second 
case as 100 to 60. 

(8.) Laihyrm odoratus . — The sweet-pea . is in the 
same state in regard to self-fertilisation as the common 
pea; and we have seen that seedlings from a cross 
between two varieties, which differed in no respect 
except in the colour of their flowers, were to the self- 
fertilised seedlings from the same mother-plant in 
height as 100 to 80 ; and in the second generation as 
100 to 88. Unfortunately I did not ascertain whether 
crossing two plants of the same variety failed to pro- 
duce any beneficial eftect, but I venture to predict such 
would be the result. 

(9.) Petunia violmea , — ^The intercrossed plants of 
the same stock in four out of the five successive gene- 
rations plainly exceeded in height the self-fertilised 
plants. The latter in the fourth generation were 
crossed by a fresh stock, and the seedlings thus obtained 
were put into competition with the self-fertilised plants 
of the fifth generation. The crossed plants exceeded 
the self-fertilised in height in the ratio of 100 to 66, 
and in weight as 100 to 23; but this difference, 
though so great, is not much greater than that between 
the intercrossed plants of the same stock in comparison 
with the self-fertilised plants of the corresponding 
generation. This case, therefore, seems at first sight 
opposed to the rule that a cross with a fresh stock is 
much more beneficial than a cross between individuals 
of the same stock. But as with Eschscholtzia, the 
reproductive system was here chiefly benefited; for 
the plants raised from the cross with the fresh stock 
were to the self-fertilised plants in fertility, both lots 
being naturally fertilised, as 100 to 46, whereas the 



266 


SUMMAEY OF MEASUREMENTS. Chap. VII. 


intercrossed plants of the same stock were to the self- 
fertilised plants of the corresponding fifth generation 
in fei*tility only as 100 to 86. 

Although at the time of measurement the plants 
raised from the cross with the fresh stock did not 
exceed in height or weight the intercrossed plants of 
the old stock (owing to the growth of the former not 
having been completed, as explained under the head 
of this species), yet they exceeded the intercrossed 
plants in fertility in the ratio of 100 to 54. This fact 
is interesting, as it shows that ])]ants self-fertilised 
for four generations and then crossed by a fresh stock, 
yielded seedlings which were nearly twice as fertile as 
those from plants of the same stock which had been 
intercrossed for the five previous generations. We 
here see, as with Eschscholtzia and Dianthus, that the 
mere act of crossing, independently of the state of the 
crossed plants, has*' little efficacy in giving increased 
fertility to the offspring. The same conclusion holds 
good, as we ha ve already seen, in the analogous cases of 
Ipomoea, Mimulus, and Dianthus, with respect to height. 

(10.) Nicotiana tabacum . — Hfy plants were remark- 
ably self-fertile, and the capsules from the self-fertilised 
flowers apparently yielded more seeds than those which 
were cross-fertilised. No insects were seen to visit the 
flowers in the hothouse, and I suspect that the stock 
on.w^hich I experimented had Ixjen raised under glass, 
and had been self-fertilised during several previous 
generations ; if so, we can understand why, in the course 
of three generations, the crossed seedlings of the same 
stock did not uniformly exceed in height the self-ferti- 
lised^seedlings. But the case is complicated by indi- 
vidual plantshaving different constitutions, so that some 
of the crossed and self-fertilised seedlings raised at the 
same time from the same parents behaved differently. 



Chap. VII. 


TABLE C. 


267 


However this may be, plants raised from self-fertilised 
plants of the third generation crossed by a slightly 
different sub-variety, exceeded greatly in height and 
weight the self-fertilised plants of the fourth genera- 
tion ; and the trial was made on a large scale. They 
exceeded tiiem in height when grown in pots, and not 
much crowded, in the ratio of 100 to 66 ; and when 
much crowded, as 100 to 54. These crossed plants, when 
thus subjected to severe competition, also exceeded 
the self-fertilised in weight in the ratio of 100 to 37. 
So it was, but in a less degree (as may be seen in 
Table C), when the two lots were grown out of doors 
and not subjected to any mutual competition. Never- 
theless, strange as is the fact, the flowers on the 
mother-plants of the +hird self-fertilised generation 
did not yield more seed when they were crossed with 
pollen from plants of the fresh stock than when they 
were self-fertilised. 

(11.) Anagallis colUna . — Plants raised from a red 
variety crossed by anothcu* plant of the same variety 
were in height to the self-fertilised plants from the 
red variety as 100 to 73. When the flowers on the 
red variety were fertilised with pollen from a closely 
similar blue-flowered variety, they yielded double the 
number of seeds to what they did when crossed by 
pollen from another individual of the same red variety, 
and the seeds were much finer. The plants raised 
from this cross between the two varieties were to the 
self-fertilised seedlings from the red variety, in height 
as 100 to 66, and in fertility as 100 to 6, 

(12.) Primula veris , — Some flowers on long-styled 
plants of the third illegitimate generation were legiti- 
mately crossed with pollen from a fresh stock, and. 
others w’ere fertilised with their own j)ollen. From 
the seeds thus produced crossed plants, and seif- 
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fertilised plants of the fourth illegitimate generation, 
were raised. The former were to the latter in 
height as 100 to 46, and in fertility during one 
year as 100 to 5, and as 100 to 3 * 5 during the next 
year. In this case, however, we have no means of 
distinguishing between the evil effects of illegitimate 
fertilisation continued during four generations (that is, 
by pollen of the same form, but taken from a distinct 
plant) and strict self-fertilisation. But these two 
processes perhaps do not differ so essentially as at 
first appears to be the case. In the following experi- 
ment any doubt arising from illegitimate fertilisation 
was completely eliminated. 

(13.) Frimula verts. (Equal-styled, red-flowered 
variety). — Flow’ers on plants of the second self-fertilised 
generation were crossed with pollen from a distinct 
variety or fresh stock, and others were again self- 
fertilised. Crossed plants and plants of the third self- 
fertilised generation, all of legitimate origin, were 
thus raised ; and the former was to the latter in height 
as 100 to 85, and in fertility (as judged by the number 
of capsules produced, together with the average number 
of seeds) as 100 to 11. 

Summary of tlie Measuremenis in TaUe C . — This 
table includes the heights and often the weights of 
292 plants derived from a cross with a fresh stock, 
and of 305 plants, either of se lf-fertilised origin, or 
derived from an intercross between plants of the same 
stock. These 597 plants belong to thirteen species 
and twelve genera. The various precautions which 
were taken to ensure a fair comparison have already 
been stated. If we now look down the right-hand 
column, in which the mean height, weight, and 
fertility of the plants derived from a cross with 
a fresh stock are represented by 100, we shall see 
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by the other figures how wonderfully superior they 
are both to the self-fertilised and to the intercrossed 
plants of the same stock. With respect to height and 
weight, there are only two exceptions to the rule, 
namely, with Eschscholtzia and Petunia, and the 
latter is probably no real exception. Nor do these 
two species offer an exception in regard to fertility, 
for the plants derived from the cross with a fresh stock 
were much more fertile than the self-fertilised plants. 
The difference between the two sets of plants in the 
table is generally much greater in fertility than in 
height or weight. On the other hand, with some of 
the species, as with Nicotiana, there was no difference 
in fertility between the two sets, although a great dif- 
ference in height and weight. Considering all the 
cases in this table, there can be no doubt that plants 
profit immensely, though in different w^ays, by a cross 
with a fresh stock or with a distinct sub-variety. It 
cannot be maintained that the benefit thus derived is 
due merely to the plants of the fresh stock being per- 
fectly healthy, whilst those which had been long inter- 
crossed or self-fertilised had become unhealthy ; for in 
most cases there wa^ no appearance of such unhealthi- 
ness, and we shall see under Table A that the inter- 
crossed plants of the same stock are generally superior 
to a certain extent to the self-fertilised, — both lots 
having been subjected to exactly the same conditions 
and being equally healthy or unhealthy. 

We further learn from Table C, that a cross between 
plants that have been self-fertilised during several 
successive generations and kept all the time under 
nearly uniform conditions, does not benefit the offspring 
in the least or only in a very slight degree. Mimulus 
and the descendants of Ipomosa named Hero offer 
instances of this rule. Again, plants self-fertilised 
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during several generations profit only to a small extent 
by a cross with intercrossed plants of the same stock 
(as in the case of Dianthus), in comparison with the 
effects' of a cross by a fresh stock. Plants of tlie same 
stock intercrossed during several generations (as with 
Petunia) were inferior in a marked manner in fertility 
to those derived from the corresj)onding self-fertilised 
plants crossed by a fresh stock. Lastly, certain plants 
which are regularly intercrossed by insects in a state 
of nature, and which were artificially crossed in each 
succeeding generation in the course of my exjxufi- 
ments, so that they can nt^ver or most rarely have 
suffered any evil from self-fertilisation (as with Eseh- 
scholtzia and Ipomcea), nevertheless profited greatly 
by a cross with a fresh stock. These sevenil cases 
taken together show us in the clearest manner that it 
is not the mere crossing of any two individuals which 
is beneficial to the ofl'spring. The benefit thus derived 
depends on the plants wLich are united differing in some 
manner, and there can hardly be a doubt that it is 
in the constitution or nature of the sexual elements. 
Anyhow, it is certain that the differences are not of an 
external nature, for two plants which resemble each 
other as closely as the individuals of the same species 
ever do, profit in the plainest manner when inter- 
crossed, if their progenitors have been exposed during 
several generations to different conditions. But to this 
latter subject I shall have to recur in a future chapter. 

Table A. 

We will now turn to our first table^ which re- 
lates to crossed and self-fertilised plants of the same 
stock These consist of fifty-four species belonging to 
thirty natural orders. The total number of crossed 
plants of which measurements are given is 706 , and 
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of self-fertilised plants 809 ; that is altogether 1,605 
plants. Some of the species were experimented on 
during several suceossive generations ; and it sliould 
be borne in mind that in such cases the crossed plants 
in each generation were crossed with j)ollen from 
another cr6ssed plant, and the flowers on the self- 
fertilised plants were almost always fertilised with 
their own pollen, though sometimes with pollen from 
other flowers on the saiSie plant. The crossed plants thus 
became more or less closely inter-related in the later 
generations ; ai d both lots were subjected in eacji ge- 
neration to almost absolutely the same conditions, and 
to nearly the same conditions in the successive gene- 
rations. It would have been a better plan in some re 
spects if I had always crossed some flowers either on the 
self-fertilised or intercrossed plants of each generation 
with pollen from a non-related plant, grown under dif- 
ferent conditions, as was done with the plants in Table 
C ; for by this procedure T should have learnt how much 
the olfspring became deteriorated througli eontinned 
self-fertilisation in the successive generations. As the 
case stands, the self-fertilised plants of the successive 
generations in Table A were put into competition with 
and compared with intercrossed plants, which were 
probably deteriorated in some degree by being more 
or less inter-related and grown under similar conditions. 
Nevertheless, had I alw^ays followed the plan in Table 
G, I should not have discovered the important fact 
that, although a cross between plants which are rather 
closely related and which had been subjected to 
closely similar conditions, gives during several genera- 
tions some advantage to the offspring, yet that after a 
time they may be intercrossed with no advantage what- 
ever to the offspring. Nor should I have learnt that 
the self-fertilised plants of the later generations might 
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be crossed with intercrossed plants of the same stock 
with little or no advantage, although they profited to 
an extraordinary degree by a cross with a fresh stock. 

With respect to the greater number of the plants 
in Table A, nothing special need here be said ; full 
particulars may be found under the head of each 
species by the aid of the Index. The figures in the 
right-hand column show the mean height of the self- 
fertilised plants, that of the crossed plants with which 
they competed being represented by 100. No notice 
is here taken of the few cases in which crossed and 
self-fertilised plants were grown in the open ground, 
so as not to compete together. The table includes, 
as we have seen, plants belonging to fifty -four species, 
but as some of these were measured during several 
successive generations, there are eiglity-three cases in 
which crossed and self-fertilised plants were compared. 
As in each generation the number of plants which 
were measured (given in the table) was never very large 
and sometimes small, whenever in the right-hand 
column the mean height of the crossed and self-fertilised 
plants is the same within five per cent, their heights 
may be considered as practically equal. Of such cases, 
that is, of self-fertilised plants of which the mean 
height is expressed by figures between 95 and 105, 
there are eighteen, either in some one or all the gene- 
rations. There are eighi; cases in which the self- 
fertilised plants exceed the crossed by above five per 
cent., as shown by the figures in the right-hand column 
being above 105. Lastly, there are fifty-seven cases 
in which the crossed plants exceed the self-fertilised in 
a ratio of at least 100 to 95, and generally in a mucih 
higher degree. 

If the relative heights of the crossed and self-fertilised 
plants had been due to mere chance, there would have 



Chap. VIL 


TABLE A. 


273 


been about as many cases of self-fertilised plants 
exceeding the crossed in height by above five per cent, 
as of the crossed thus exceeding the self-fertilised ; but 
we see that of the latter there are fifty-seven cases, and 
of the former only eight cases ; so th^t the cases in 
which the crossed plants exceed in height the sell- 
fertilised in the above proportion are more than seven 
times as numerous as those in which the self-fertilised 
exceed the crossed in the same proportion. For our 
special purpose of comparing the powers of growth 
of crossed and self-fertilised plants, it may be said 
that in fifty-seven cases the crossed plants exceeded 
the seJ fertilised by more than five per cent., and that 
in twenty-six cases (18 + 8) they did not thus exceed 
them. But we shall now' show tliat in several of these 
twenty-six cases the crossed plants had a decided ad- 
vantage over the self-fertilised in other respects, though 
not in height ; that in dther cases the mean heights 
are not trustworthy, owing to too few plants having 
been measured, or to their having grown unequally 
from being unhealthy, or to both causes combined. 
Nevertheless, as these cases are opposed to my general 
conclusion I have felt bound to give them. Lastly, the 
cause of the crossed plants having no advantage over 
the self-fertilised can be explained in some other cases. 
Thus a very small residue is left in which the self- 
fertilised plants appear, as far as my experiments 
serve, to be really equal or superior to the crossed 
plants. 

We will now consider in some little detail the eigh- 
teen cases in w'hich the self-fertilised plants equalled 
in average height the crossed plants within five per 
cent. ; and the eight cases in which the self-fertilised 
plants exceeded in average height the crossed plants 
by above five per cent. ; making altogether twenty-six 
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cases in which the crossed plants wore not taller than 
the self-fertilised plants in any marked degree. 

(1.) Dia^thus caryophylhis (third gent ration), — This plant was 
experimented on during four generations, in three of which the 
crossed plants exceeded in height the self-fertilised generally by 
much more than five per cent. ; and we have seen under Table 
C that the offspring from the plants of the third self-fertilised 
generation crossed by a fresh stock profited in height and fer- 
tility to an extraordinary degree. Hut in this third generation 
the crossed plants of the same stock were in height to the self- 
fertilised only as 100 to 99, that is, they were practically equal. 
Nevertheless, when the eight crossal and eight self-fertilis(‘d 
plants were cut down and weighed, the fn’rner were to the latter 
in weight as 100 to 49! There can therefore l>e not the least 
doubt that the crossed plants of this species arc greatly superior 
in vigour and luxuriance to the self-fertilised ; and what w tis the 
cause of the self-fertilised plants of the third generation, though 
so light and thin, growing up so as almost to equal tlie crossed 
in height, I cannot explain. 

(2.) lA>hdi(i ftdgcns (first The crossed plants of 

this generation were much inferior ‘in height to the sell-fertilised, 
in the proportion of 100 to 127. Although only two pairs were 
measured, which is obviously much too few to l>e tmsted, 
yet from other evidence given under the head of this species, 
it is certain that the self-fertilised plants were very much 
more vigorous than the crossed. As I used pollen of unequal 
maturity for crossing and self-fertilising the parent-plants, it is 
possible that the great difference in the growth of their offspring 
ipay have been due to this cause. In the next generation this 
source of error was avoided, and many more plants were raised, 
and now the average height of the twenty-three crossed plants 
was to that of the twenty-three self-fertilised plants as 100 to 91. 
We can therefore hardly doubt that a cross is beneficiaf to this 
species. 

(3.) Petunia viohicea (third generation). — Eight crossed plants 
were to eight self-fertilised of the third generation in average 
height as 100 to 131; and at an early age the crossed were 
inferior even in a still higher degree. But it is a remarkable 
ifact that in one pot in which plants of both lots grew extremely 
crowded, the crossed were thrice as tall as the self-fertilised. As 
in the two preceding and two succeeding generations, as well as 
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with plants raised by a cross with a fresh stock, the crossed 
greatly exceeded the self-fertilised in height, weight, and fertility 
(when these two latter points were attended to), the present case 
must bo looked at as an anomaly not affecting the general rule. 
The most probable explanation is that the plants grew pre- 
maturely, owing to the seeds of the last generation not having 
been well rijxjncd ; for I have observed an analogous case with 
Iberis. Self-fertilised seedlings of this latter j>lant, which were 
known to have been produced from seeds not well matured, 
grew from the first much more quickly than the crossed plants, 
which were raised from l)etter matured seeds ; so that having 
thus once got a great start they were enabled ever afterwards to 
retain their advantage. Some of these sjiuie seeds of the Iberis 
w'cro sown on the opposittj sides of pots filled with burnt earth 
and pure sand, i ot containing any organic matter; and now the 
young crossed seedlings grow during their short life to double 
the height of the self-fertilised, in the same manner as occurred 
with the above two sets of seedlings of I'etnnia which were much 
crow^ded and thus exposed to very unfavourable conditions. We 
have seen also in the eighth generation of Ipomoea that self- 
fertilised seedlings raised from unhealthy parents grew at first very 
much more quickly than the crossed seedlings, so that they were 
for a long time much taller, though ultimately Umteu by them, 
(4, 5, 6.) EschschoUzia calif ornica. — Four sets of measure- 
ments are given in Table A. In one of these the crossed plants 
exceed the selfdei-tilised in average height, so that this is not 
one of the exceptions hero to be considered. In two other 
cases the crossed equalled the self-fertilised in height within five 
t>er cent.; and in the fourth case the self-fertilised exceeded the 
crossed by above this limit. We have seen in Table C that the 
whole advantage of a cross by a fresh stock is confined to the 
number of seeds produced, and so it v as with the disadvantage 
from self-fertilisation with the intercrossed plants of the same 
stock compared with the self-fertilised, for the fonner were in 
fertility to the latter as 100 to 89, The intercrossed plants thus 
have at least one imjxjrtant advantage over the self-fertilised. 
Moreover, the flowers on the parent-plants when fertilised with 
pollen from another individual of the same stock yield far more 
seeds tlxan when self-fertilised ; the flowers in this latter case 
being often quite sterile. We may therefore conclude that a 
cross does some good, though it does not give to the crossed 
seedlings increased powers of growth, 

T 2 
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(7.) Viscaria oculata. — The average height of the fifteen inter- 
crossed plants to that of the fifteen self-fertilised plants was only 
as 100 to 97 ; but the former produced many more capsules than 
the latter, in the ratio of 100 to 77. Moreover, the flowers on the 
parent-plants which were crossed and self-fertilised, yielded seeds 
on one occasion in the proportion of 100 to 38, and on a second 
occasion in the proportion of 100 to 58. So that there can be 
no doubt about the beneficial effects of a cross, although the 
mean height of the crossed plants was only three per cent, above 
that of the self-fertilised plants. 

(8.) JSpecuIuria specuhnn .. — Only the four tallest of the crossed 
and the four tallest of the self-fertilised plants, growing in four 
pots, were measured ; and the former were to the latter in height 
as 100 to 98. In all four pots a crossed plant flowered before 
any one of the selMertilised plants, and this is usually a safe 
indication of some real superioriiy in the crossed plants. The 
flowers on the parent- plants which were crossed with pollen from 
another plant yielded seeds compared with the self-fertilised 
flowers in the ratio of 100 to 72. We may therefore draw the 
same conclusion as in the last case with respect to a cross being 
decidedly beneficial. 

(9.) Borago officinalis. — Only four crossed and four self- 
fertilised plants were raised and measured, and the former were 
to the latter in height as 100 to 102. So small a number of 
measurements ought never to he trusted ; and in the present in- 
stance the advantage of the self-fertilised over the crossed plants 
depended almost entirely on one of the self- fertilised plants 
having gro^vn to an unusual height. All four crossed plants 
flowered before their self-fertilised opponents. The cross- 
fertilised flowers on the parent-plants in comparison with the 
self-fertilised flowers yielded seeds in the proportion of 100 to 60. 
So that here again we may draw the same conclusion as in the 
two last cases. 

(10.) Passifloi'a gracilis. — Only two crossed and two self- 
fertilised plants were raised ; and the former were to the latter in 
height as 100 to 104. On the other hand, fruits from the cross- 
fertilised flowers on the parent-plants contained seeds in number, 
compared with those from the self-fertilised flowers, in the pro- 
portion of 100 to 85. 

(11.) Phcmeolus multiflorus. — The five crossed plants were to 
the five self-fertilised in height as 100 to 96. Although the 
crossed plants were thus only four per cent, taller than the 
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self-fertilised, they flowered in both pots before them. It it 
therefore probable that they had some real advantage over the 
self-fertilised plants. 

(12.) Adonis cestivalu. — The four crossed plants were almost 
exactly equal in height to the four self-fertilised plants, but as 
so few plants were measured, and as these were all miserably 
unhealthy,” nothing can l)e inferred with safety with respect to 
their relative heights. 

(13.) Bartonia aurea . — The eight crossed plants were to the 
eight self-fertilised in height as 100 to 107. This number of 
plants, considering the care with which they wero raised and 
compared, ought to have given a trustworthy result. But from 
some unknown cause they grew very unequally, and they be- 
came so unhealthy that only three of the crossed and three 
of the self-fertilised plants set any seeds, and these few in 
number. Under these circumstances the mean height of neither 
lot can be trusted, and the experiment is valueless. The cross- 
fertilised flowers on the parent-plants yielded rather more seeds 
than the self-fertilised flowers. 

(14.) Tliutiher<)l<i alata , — The six crossed plants were to the 
six seif-fertilised in height as 100 to 108. Here the self-fertilised 
plants seem to have a decided advantage ; but both lots grew 
unequally, some of the plants in both being more than twice as 
tall as others. The parent-plants also were in an odd semi- 
sterile condition. Under these circumstances the superiority of 
the self-fertilised plants cannot be fully trusted. 

(15.) Nolmia prostrata , — The five crossed plants were to the five 
self- fertilised in height as 100 to 105 ; so that the latter seem 
here to have a small but decided advantage. On the other hand, 
the flowers on the parent-plants whicli wero cross-fertilised 
produced very many more capsules than the self-fertilised flowers, 
in the ratio of 100 to 21 ; and the seeds which the former con- 
tained were heavier than an equal number from the self-fertilised 
capsules in the ratio of 100 to 82, 

(16.) Hibiscus a/rtcanus.-— Only four pairs were raised, and the 
crossed were to the self-fertilised in height as 100 to 109. 
Excepting that too few plants were measured, I know of nothing 
else to cause distrust in the result. The cross-fertilised 
flowers on the parent-plants were, on the other hand, rather 
more productive than the self-fertilised flowers. 

(17.) Apium petroselinum. — A few plants (number not re- 
corded) derived from flowers believed to have been crossed by 
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insects and a few self-fertilised plants were grown on the opiK>site 
sides of four pots. They attained to a nearly equal height, the 
crossed having a very slight advantage. 

(18.) Vanddl ia nummular if alia , — Twenty crossed plants raised 
from the seeds of perfect flowers were to twenty self-fertilised 
plants, likewise raised from the seeds of })erfeet flowers, in height 
as 100 to 99. The experiment was repeated, with the sole 
difference that the plants were allowed to grow more crowded ; 
and now the twenty-four tallest of the crossed plants w'ere to 
the twenty-four tallest self-fertilised plants in height as 100 to 
94, and in weight as 100 to 97. Moreover, a larger number of the 
crossed tlian of the self-fertilised plants grew to a moderate 
height. The al)ove-mentioned twenty crossed plants were also 
grown in competition with tvrenty self-fertilised plants raised 
from the closed or cleistogamic flow’ers, and their heights were as 
100 to 94. Therefore had it not been for the first trial, in which 
the crossed plants were to the self-fertilised in height only as 
100 to 99, this species might have been classed with those in 
w^hich the crossed plants exceed the self-fertilised by alK)ve five 
per cent. On the other hand, the crossed plants in the second 
trial l)ore fewer capsules, and these contained fewer seeds, than 
did the self-fertilised plants, all the capsules having been 
produced by cleistogamic flowers. The whole case tliorofore must 
bo left doubtful. 

(19.) Pimm sativum (common pea). — ^Four plants derived from 
a cross l)ctween individuals of the same variety were in height 
to four self-fertilised plants l>elonging to the same variety as 100 
to 115. Although this cross did no good, wo have seen under 
Table C that a cross between distinct varieties adds greatly to 
the height and vigour of the ofifepring ; and it "was there explained 
that the fact of a cross between the individuals of the same variety 
not being beneficial, is almost certainly due to their having been 
self- fertilised for many generations, and in each generation 
grown under nearly similar conditions. 

(20, 21, 22.) Oanna imrscewkzi. — Plants belonging to three 
generations were observed, and in all of three the crossed were 
approximately equal to the self-fertilised ; the average height of 
the thirty-four crossed plants being to that of the same number 
of self-fertilised plants as 100 to 101. Therefore the crossed 
plants had no advantage over the self-fertilised ; and it is pro- 
bable that the same explanation here liolds good as in the ease 

Fisum mtivum ; for the flowers of this Canna are perfectly 
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self-fertile, and were never seen to be visited by insects in the 
hothouse, so as to be crossed by them. This plant, moreover, 
has been cultivated under glass for several generations in pots, 
and therefore under nearly uniform conditions. The caj^ulcs 
produced by the cross-fertilised flowers on the B,hoxe thirty-four 
cross(id 1)1 ants contained more seeds than did the capsules 
produced by the self-fertilised flowers on the self-fertilised plants, 
in tlio proportion of 100 to 85 ; so that in this respect crossing 
was beneticial. 

(23.) Primula nnmius . — The offspring of plants, some of 
which were legitimately and others illegitimately fertilised with 
pollen from a distinct plant, were almost exactly of the same 
height tis the offspring of self-fertilised plants ; but the former 
with rare exceptions flowered before the latter. I have shown 
in my work on heterostyled plants that this species is commonly 
rai.sed in England from self-fertilised seed, and the plants from 
having been cultivated in pots have been subjected to nearly 
uniform conditions. Moreover, many of them are now varying 
and changing their character, so as to become in a greater or 
less degree ociual-styled, and in consequence highly self-fertile. 
Therefore I kdievc that the cause of the crossed plants not 
exceeding in height the self-fertilised is the same as in the two 
previous cases of Pis am sativum and Canna. 

(24, 25, 26.) Nkotiana tahacuin . — Four sets of measurements 
were made ; in one, the self-fertilised plants greatly exceeded in 
height the crossed, in two others they wore approximately equal 
to the crossed, and in the fourth were beaten by them ; but tliis 
latter case does not here concern us. The individual plants 
differ in constitution, so that the descxindaiits of some profit by 
their parents having been intercrossed, whilst others do not. 
Taking all tliree generations together, the twenty-seven crossed 
j)lants were in height to the twenty-seven self-fertilised plants 
as 1(X) to 9G. This excess of height in the crossed plants is so 
small compared with that displayed by the offspring from the 
same mother-plants when crossed by a slightly different variety, 
that wo may suspect (as explained under Table C) that most of 
the individuals belonging to the variety which served as the 
mother-plants in my experiments, had acquired a nearly similar 
constitution, so as not to profit by being mutually intercrossed. 

Reviewing these twenty-six cases, in which the 
crossed plants either do not exceed the self-fertilised 
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by above five per cent, in height, or are inferior to 
them, we may conclude that much the greater number 
of the cases do not form real exceptions to the rule, 
— that a cross between two plants, unless these have 
been self-fertilised and exposed to nearly the same 
conditions for many generations, gives a great 
advantage of some kind to the offspring. Of the 
twenty-six cases, at least two, namely, those of Adonis 
and Bartonia, may be wholly excluded, as the trials 
were worthless from the extreme unhealthiness of the 
plants. In twelve other cases (three trials with Esch- 
scholtzia here included) the crossed plants either were 
superior in height to the self-fertilised in all the other 
generations excepting the one in question, or they 
showed their superiority in some different manner, as 
in weight, fertility, or in flowering first ; or again, the 
cross-fertilised flowers on the mother-plant were much 
more productive of seed than the self-fertilised. 

Deducting these fourteen cases, there remain twelve 
in which the crossed plants show no well-marked 
advantage over the self-fertilised. On the other hand, 
we have seen that there are fifty-seven cases in w^hich 
the crossed plants exceed the self-fertilised in height 
by at least five per cent., and generally in a much 
higher degree. But even in the twelve cases just 
referred to, the want of any advantage on the crossed 
side is far from certain : with Thunbergia the parent- 
plants were in an odd semi-sterile condition, and the 
offspring grew very unequally; with Hibiscus and 
Apium much too few plants were raised for the measure- 
ments to be trusted, and the cross-fertilised flowers of 
Hibiscus produced rather more seed than did the self- 
fertilised; wdth Vandellia the crossed plants were a 
little taller and heavier than the self-fertilised, but as 
they were less fertile the case must be left doubtful. 
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Lastly, with Pisum, Primula, the three generations of 
Canna, and the three of Nicotiana (which together 
complete the twelve cases), a cross between two plants 
certainly did no good or very little good to the off- 
spring ; but we have reason to suspect that this is the 
result of these plants having been self-fertilised and 
cultivated under nearly uniform conditions for several 
generations. The same result followed with the experi- 
mental plants of Ipomoea and Mimulus, and to a certain 
extent with some other species, which had been inten- 
tionally treated by me in this manner; yet we know that 
these species in their normal condition profit greatly by 
being intercrossed. There is, therefore, not a single 
case in Table A which affords decisive evidence against 
the rule that a cross between plants, the progenitors of 
which have been subjected to somewhat diversified 
conditions, is beneficial to the offspring. This is a 
surprising conclusion, for from the analogy of domesti- 
cated animals it could not have been anticipated, that 
the good effects of crossing or the evil effects of self- 
fertilisation would have been perceptible until the 
plants had been thus treated for several generations. 

The results given in Table A may be looked at 
under another point of view. Hitherto each genera- 
tion has been considered as a separate case, of which 
there ar(3 eighty-three ; and this no doubt is the more 
correct method of comparing the crossed and self- 
fertilised plants. 

But in those cases in which plants of the same 
species were observed during several generations, a 
general average of their heights in all the generations 
together may be made ; and such averages are 
given in Table A ; for instance, under Ipomcea the 
general average for the plants of all ten generations 
is as 100 for ike crossed, to 77 for the self-fertilised 



282 


SUMMARY OF MEASUREMENTS. 


Chap. VII. 


plants. This having been done in each case in which 
more than one generation was raised, it is easy to 
calculate the average of the average heights of the 
crossed and self-fertilised plants of all the species 
included in Table A. It should however be observed 
that as only a few plants of some species, whilst a 
considerable number of others, were measured, the 
value of the mean or average heights of the several 
species is very different. Subject to this source of 
error, it may be worth while to give the mean of the 
mean heights of the fifty-four species in Table A ; and 
the result is, calling the mean of the mean heights 
of the crossed plants 100, that of the self-fertilised 
plants is 87. But it is a better plan to divide the 
fifty-four species into three groups, as was done with 
the previously given eighty-three cases. The first 
group consists of species of which the mean heights 
of the self-fertilised plants are within five per cent, 
of 100 ; so that the crossed and self-fertilised plants 
are approximately equal ; and of such species there 
are twelve about which nothing need be said, the 
mean of the mean heights of the self-fertilised being 
of course very nearly 100, or exactly 99*58. The 
second group consists of the species, thirty-seven in 
number, of which the mean heights of the crossed 
plants exceed that of the sell^fertilised plants by 
more than five per cent.; and the mean of their 
mean heights is to that of the self-fertilised plants 
as 100 to 78. The third group consists of the species, 
only five in number, of which the mean heights of 
the self-fertilised plants exceed that of the crossed by 
more than five per cent. ; and here the mean of the 
mean heights of the crossed plants is to that of the 
self-fertilised as 100 to 109. Therefore if we exclude 
the species which are approximately equal, there are 
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thirty-seven species in which the mean of the mean 
heights of the crossed plants exceeds that of the self- 
fertilised by twenty-two per cent. ; whereas there are 
only five species in which the mean of the mean heights 
of the self-lertilised plants excee<ls that of the crossed, 
and this only by nine per cent. 

The troth of the conclusion — that the good effects of 
a cross depend on the plants having been subjected 
to different conditions or to their belonging to difler- 
ent varieties, in both of which cases they would almost 
certainly differ somewhat in constitution — is supported 
by a com])arison of the Tables A and C. The latter 
table gives the results of crossing plants with a fresh 
stock or with a distinct variety ; and the superiority of 
the crossed offspring over the self-fertilised is here 
much more g(3neral and much more strongly marked 
than in Table A, in which plants of the same stock 
were crossed. We have just seen that the mean of the 
mean heights of the crossed plants of the whole fifty- 
four species in Table A is to that of the self-fertilised 
plants as 100 to 87; whereas the mean of the mean 
heights of the plants crossed by a fresh stock is to that 
of the self-fertilised in Table C as 100 to 74. So that 
the crossed plants beat the self-fertilised plants by 
thirteen per cent, in Table A, and by twonty-six per 
cent., or double as much, in Table C, which includes 
the results of a cross by a fresh stock. 

Table B. 

A few ’words must be added on the weights of 
the crossed plants of the same stock, in comparison 
with the self-fertilised. Eleven cases are given in 
Table B, relating to eight species. The numlier of 
plants which w^ere w’^eighed is shown in the two left 
columns, and their relative weights in the right 
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columi^i, that of the crossed plants being taken as 
100. A few other cases have already been recorded 
in Table C in reference to plants crossed by a fresh 
stock. I regret that more trials of this kind were not 
made, as the evidence of the superiority of the crossed 
over the self-fertilised plants is thus shown in a more 
conclusive manner than by their relative heights. But 
this plan was not thought of until a rather late period, 
and there were difficulties in the way, as the seeds 
had to be collected when ripe, by which time the plants 
had often begun to wither. In only one out of the 
eleven cases in Table B, that of Eschscholtzia, do the 
self-fertilised plants exceed the crossed in weight ; and 
we have already seen they are likewise superior to them 
in height, though inferior in fertility, the whole ad- 
vantage of a cross being here confinc^d to the repro- 
ductive system. With Vandellia the crossed plants 
were a little heavier, as they were also a little taller 
than the self-fertilised; but as a greater numl>er of 
more productive capsules, were produced by the cleis- 
togamic flowers on the self-fertilised plants than by 
those on the crossed plants, the case must be left, as 
remarked under Table A, altogether doubtful. The 
crossed and self-fertilised offspring from a partially 
self-sterile plant of Reseda odorata were almost equal 
in weight, though not in height. In the remaining 
eight cases, the crossed plants show a wonderful 
superiority over the self-fertilised, being more than 
double their weight, except in one case, and here 
the ratio is as high as 100 to 67. The results thus 
deduced from the weights of the plants confirm in a 
striking manner the former evidence of the beneficial 
effects of a cross between two plants of the same stock ; 
and in the few cases in which plants derived from a 
cross with a fresh stock were weighed, the results are 
similar or even more striking. 
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CHAPTER VIIL 

Diftkrence between Ckossed and Self-ebbtilised Plants in 
Constitutional Vigouii and in other respects. 

Greater constitutional vigour of crossed plants — The effects of great 
crowding — Competilion with other kinds of plants— Self-fertilised 
plants more liable to premature death — Crossed plants generally 
flower before the self-fertilised— Negative cttt'cts of intercrossing 
flowers on the same plant — Cases described — 'Transmission of tlie 
good effects of a cross to later generations — Kffects of crossing 
plants of closely related pai eutage — Uniform colour of the flowers 
on plants self-fertilised during several generations and cultivated 
uuder similar conditions. 

Greater constitutional Vigour of crossed Plants , — As in 
almost all niy experiments an equal number of crossed 
and self-fertilised seeds, or more commonly seedlings 
just beginning to sprout, were planted on the oppo^ 
site sides of the same pots, they had to compete 
with one another ; and the greater height, weight, and 
fertility of the crossed plants may be attributed to 
their possessing greater innate constitutional vigour. 
Generally the plants of the two lots whilst very young 
were of equal height; but afterwards the crossed 
gained insensibly on their opponents, and this ishows 
that they possessed some inherent superiority, though 
not displayed at a very early period of life. There 
were, however, some conspicuous exceptions to the 
rule of the two lots being at first equal in height ; thus 
the crossed seedlings of the broom {Sarothamnus 
Bcojparim) when under three inches in height were more 
than twice as tall as the self-fertilised plants. 
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After the crossed or the self-fertilised plants had 
once grown decidedly taller than their opponents, a 
still increasing advantage would tend to follow 
from the stronger plants robbing the weaker ones 
of nourishment and overshadowing them. Tliis was 
evidently the case with the crossed plants of Viola tri- 
color ^ which ultimately quite overwhelmed the self- 
fertilised. But that the crossed plants have an inherent 
superiority, inde})endently of competitnjn, was some- 
times well shown when both lots were planted 
separately, not far distant from om? another, in good 
soil in the open ground. I’his was likewise shown in 
several cases, even with plants growing in close compe- 
tition with one another, by one of the self-fertilised 
plants exceeding for a time its crossed opponent, which 
had been injured by some accident or was at first 
sickly, but being ultimately conquered by it. The 
plants of the eighth generation of Ipoimjoa w ere raised 
from small seeds produced by unhealthy pju’ents, and 
the self-fertilised plants grew at first very rapidly, 
so that when the plants of both lots were about three 
feet in height, the mean height of the crosstnl to that 
of the self-fertilised was as 100 to 122; when they 
were about six feet high the two lots were very nearly 
equal, but ultimately when between eight and nine feet 
in height, the crossed plants asserted their usual 
superiority, and were to the self-fertilised in height as 
100 to 85. 

The constitutional superiority of the crossed over the 
self-fertilised plants was proved in another way in the 
third generation of Mimulus, by self-fertilised seeds 
being sown on one side of a pot, and after a certain 
interval of time crossed seeds on the opposite side. The 
self-fertilised seedlings thus had (for I ascertained that 
the seeds germinated simultaneously) a clear advantage 
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over the crossed in the start for the race. Nevertheless 
they were easily beaten (as may be seen under the 
head of Mimulus) w^hen the crossed seeds were sown 
two whole days after the self-fertilised. But when the 
interval was four days, the two lots were nearly equal 
throughout life. Even in this latter case the crossed 
plants still possessed an inherent advantage, for after 
both lots had grown to their full height they were 
cut down, and without being disturbed were transferred 
to a larger pot, and when in the ensuing year they 
had again grown to their full height they were 
measured ; and now the tallest crossed plants were to 
the tallest self-feililised plants in hidght as 100 to 75, 
and in fertility (i.e., by weight of sec^ds produced by an 
equal number of capsules from both lots) as 100 to 34. 

My usual method of proceeding, namely, to plant 
several pairs of crossed and sell-fertilised s(‘ods in an 
equal state of germination on the op})osite sides of the 
same pots, so that the plants were subjected to 
moderately severe mutual competition, was I think 
the best that could have been followed, and was a fair 
test of what occurs in a state of nature. For plants 
sown by nature generally come up crowded, and are 
almost always exposed to very severe competition 
with one another and with other kinds of plants. This 
latter consideration led me to make some trials, chiefly 
but not exclusively with Ipomoea and Mimulus, by 
sowing crossed and self-fertilised seeds on the opposite 
sides of large pots in which other plants had long been 
growing, or in the midst of other plants out of doors. 
The seedlings were thus subjected to very severe 
competition with plants of other kinds; and in all 
such cases, the crossed seedlings exhibited a great 
superiority in their power of growth over the self- 
fertilised. 
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After the germinating seedlings had been planted 
in pairs on the opposite sides of several pots, the 
remaining seeds, whether or not in a state of germina- 
tion, were in most cases sown very thickly on the two 
sides of an additional large pot ; so that the seedlings 
came np extremely crowded, and were subjected to 
extremely severe competition and unfavourable condi- 
tions. In such cases the crossed plants almost invari- 
ably showed a greater superiority over the self-fertilised, 
than did the plants which grow in pairs in the pots. 
Sometimes crossed and self-fertilised seeds were 
so\\*n in separate rows in the open ground, which was 
kept clear of weeds; so that the seedlings were not 
subjected to any competition with other kinds of 
plants. Those however in each row had to struggle 
with the adjoining ones in the same row. When fully 
grown, several of the tallest plants in each row were 
selected, measured, and compared. The result was 
in several cases (but not so invariably as might haA^e 
been expected) that the crossed plants did not exceed 
in height the self-fertilised in nearly so great a degree 
as when grown in pairs in the pots. Thus with the 
plants of Digitalis, which competed together in pots, the 
crossed were to the self-fertilised in height as 100 to 
70 ; whilst those which were grown separately were only 
as 100 to 85. Nearly the same result was observed 
with Brassica. With Nicotiana the crossed were to 
the self-fertilised plants in height, when grown 
extremely crowded togetaer in pots, *is 100 to 54; 
when growm much less crowded in pots as 100 to 66, 
and when gro^m in the open ground, so as to be sub- 
jected to but little competition, as 100 to 72. On the 
other hand with Zea, there was a greater difference in 
height between the crossed and self-fertilised plants 
growing out of doors, than between the pairs which 
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grew in pots in the hothouse; but this may be 
attributed to the self-fertilised plants being more 
tender, so that they suffered more than the crossed, 
when both lots were exposed to a cold and wet summer 
Lastly, with one out of two series of Reseda odorata, 
grown out of doors in rows, as well as with Beta 
vulgaris^ the crossed plants did not at all exceed the self- 
fertilised in height, or exceeded them by a mere trifle. 

The innate power of the crossed plants to resist 
unfavourable conditions far better than did the self- 
fertilised plants, was shown on two occasions in a 
curious manner, namely, with Iberis and in the third 
generation of Petunia, by the great superiority in 
height of the crossed over the self-fertilised seedlings, 
when both sets were grown under extremely unfavourable 
conditions; wheresis owing to special circumstances 
exactly the reverse occurred with the plants raised froiii 
the same seeds and grown in pairs in pots. A nearly 
analogous case was observed on two other occasions 
with plants of the first generation of Nicotiana. 

The crossed plants always withstood the injurious 
effects of being suddenly removed into the open air 
after having been kept in the greenhouse better than 
did the self-fertilised. On several occasions they also 
resisted much better cold and intemperate weather. 
This was manifestly the case with some crossed and 
self-fertilised plants of Ipomoea, which were suddenly 
moved from the hothouse to the coldest part of a cool 
greenhouse. The offspring of plants of the eighth 
self-fertilised generation of Mimulus crossed by a fresh 
stock, survived a frost which killed every single self- 
fertilised and intercrossed plant of the same old stock. 
Nearly the same result followed with some crossed and 
self-fertilised plants of Viola trieotor^ Even the tips 
of the shoots of the crossed plants of Sarathamnus 

u 
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eeoparius were not touched by a very severe winter ; 
whereas all the self-fertilised plants were killed half- 
way down to the ground, so that they were not able to 
flower during the next summer. Young crossed 
seedlings of Nicotiana withstood a cold and wet 
summer much better than the self-fertilised seedlings. 
I have met with only one exception to the rule of 
crossed plants being hardier than the self-fertilised : 
three long rows of Eschscholtzia plants, consisting of 
crossed seedlings from a fresh stock, of intercrossed 
seedlings of the same stock, and of scdf-fertilised ones, 
were left unprotected during a severe winter, and all 
perished except two of the self-fertilised. But this 
case is not so anomalous as it at first appears, for it 
should be remembered that the self-fertilised plants 
of Eschscholtzia always grow taller and are heavier 
than the crossed ; the whole benefit of a cross with this 
species being confined to increased fertility. 

Independently of any external cause which could 
be detected, the self-fertilised plants were more liable 
to premature death than were the crossed ; and this 
seems to me a curious fact. WTiilst the seedlings 
were very young, if one died its antagonist was pulled 
up and thrown away, and I believe that many more of 
the self-fertilised died at this early age than of the 
crossed ; but I neglected to keep any record. With 
Beta vtilgarts, however, it is certain that a large number 
of the self-fertilised seed? j>erished after germinating 
beneath the ground, whereas the crossed seeds sown at 
the same time did not thus suffer. When a plant 
died at a somewhat more advanced age the fact was 
recorded ; and I find in my notes that out of several 
hundred plants, only seven of the crossed died, whilst 
of the self-fertilised at least twenty-nine were thus 
lost, that is more than four times as many. Mr. Galton, 
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after examining some of my tables, remarks : It is very 
evident that the columns with the self-fertilised plants 
include the larger number of exceptionally small 
plants ; ” and the frequent presence of such puny plants 
no doubt stands in close relation with their liability to 
premature death. The self-fertilised plants of Petunia 
completed their growth and began to wither sooner 
than did the intercrossed plants; and these latter 
considerably before the offspring from a cross with a 
fresh stock. 

Period of Flowering. — In some cases, as with Digitalis, 
Dianthus, and Eeseda, a larger number of the crossed 
than of the self-fertilised plants threw up flower-stems ; 
but this probably was merely the result of their greater 
power of growth ; for in the first generation of Lobelia 
fulgenSy in which the seK-fertilised plants greatly ex- 
ceeded in height the crossed plants, some of the latter 
failed to throw up flower-stems. With a large number 
of species, the crossed plants exhibited a well-marked 
tendency to flower before the self-fertilised ones 
growing in the same |)ots. It should however bf^ 
remarked that no record was kept of the flowering of 
many of the species; and when a record was kept, 
the flowering of the first plant in each pot was alone 
observed, although two or more pairs grew in the same 
pot, I will now give three lists, — one of the species 
in which the first plant that flowered was a crossed 
one, — a second in which the first that flow^ered was a 
self-fertilised plant, — and a third of those whicli 
flowered at the same time. 

Species j of which the first Plants that flowered were 
' of Crossed Parentage, 

Ipomcea purpurea, — I record in my notes that in all ten gener/i- 
tions many of the crossed plants flowered before the self- 
fertilised ; but no details were kepi 

V 2 
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Mimulm luteus (First Generation). — Ton flowers on the crossed 
plants were fully expanded before one on the self-fertilised. 

Mimulm lutms (l^cond and Third Generation). — In lx>th these 
generations a crossed plant flowered before one of the self- 
fertilised in all throe pots. 

Mimulus Ivteus (Fifth Generation). — In all three pots a crossed 
plant flowered first; yet the self-fertilised plants, which 
belonged to the new tall variety, were in height to the 
crossed as 126 to 100. 

Mimulm lutem . — Plants derived from a cross with a fesh stock, 
as well as the intercrossed plants of the old stock, flowered 
before the self-fertilised plants in nine out of the ton pots. 

Salvia coccinea , — A crossed plant flowered before any one of the 
self-fertilised in all three pots. 

Origanum tmlgare , — During two successive seasons several 
crossed plants flowered before the self-fertilised. 

Bramca ohracea (First Generation). — All the crossed plants 
growing in pots and in the open ground flowered first. 

Brasska dleracea (Second Generation). — A crossed plant in 
three out of the four pots flowered before any one of the 
self-fertilised. 

Iheris umhellata , — ^In both pots a crossed plant flowered first 

EschBcUoltzia califomica . — Plants derived fi*om the Brazilian 
stock crossed by the English stock flowered in five out of 
the nine pots first ; in four of them a self-fertilised plant 
flowered first ; and not in one pot did an intercrossed plant 
of the old stock flower first. 

Viola tricolor , — A crossed plant in five out of the six pots 
flowered before any one of the self-fertilised. 

DianthuB caryophyllus (First Generation). — In two large beds 
of plants, four of the crossed jdants flowered before any one 
of the self-fertilised. 

DianthuB caryophyllua (Second Generation).— In both pots a 
crossed plant flowered first. 

DianthuB caryoyhyllm (Tliird Generation). — In three out of 
the four pots a crossed plant flowered &st ; yet the crossed 
were to the self-fertilised in height only as lOO to 99, but in 
weight as 100 to 49. 

DianthuB caryophyUuB , — ^Plants derived from a cross with a fresh 
stock, and the intercrossed plants of the old stock, both 
flowered before the self-fertilised in nine out of the ten pots. 

Hibiscui afticanuA, — In three out of the four pots a crossed 
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plant flowered before any one of the self-fertilised ; yet the 
latter were to the crossed in height as 109 to 100. 

Tropmlitm minm, — A crossed plant flowered before any one of 
the self-fertilised in three out of the four pots, and simul- 
taneously in the fourfh pot. 

Limnanthes douglasii. — A crossed plant flowered before any one 
of the self-fertilised in four out of the five pots. 

Phasedm multiflvrm, — In both pots a crossed plant flowered 
first. 

Speciilaria sjjeculum, — In all four pots a crossed plant flowered 
fil’St. 

Lohdia ramosa (First Greneration). — In all four pots a crossed 
plant flowered before any one of the self- fertilised. 

Lobdia ramosa (Second Generation). — In all four x>ot8 a crossed 
plant floweied some days before any one of the self- 
fertilised. 

Nemoj^hila visif/nls, — In four out of the five pots a crossed plant 
flowered first. 

Bm'ago officinalis. — In both pots a crossed plant flowered first. 

Petunia violacea (Second Generation). — In all throe pots ii 
crossed plant flowered first. 

Nicoiiana Cahacam . — A plant derived from a cross with a fresh 
stock flowered before any one of the self-fertilised plants of 
the fourth generation, in fifteen out of the sixteen pots. 

Cydumm persicum. — During two successive seasons a crossed 
plant flowered some weeks before any one of the self-fertilised 
in all four pots. 

Primula veris (equal-styled var.). — In all three pots a crossed 
plant flowered first. 

Primula sinensis. — In all four pots plants derived from an 
illegitimate cross l>etween distinct plants flowered before 
any one of the self-fertilised plants. 

Primula smemis. — A legitimately crossed plant flowered before 
any one of the self-fertilised plants in seven out of the eight 
pots, 

Fagopyrnm esculentam . — A legitimately crossed plant flowered 
from one to two days before any one of the self- fertilised 
plants in all three pots. 

Zea mays . — In all four pots a crossed plant flowered first. 

Phalaris canarieusis. — The crossed plants flowered before the 
self-fertilised in the open ground, but simultaneously in the 
p<Ms. 
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Species, of which the first Plants that fioweredwereof 
Self fertilised Parentage, 

Eschscholtzia caVfornica (First Generation). — The crossed plants 
■were at first taller than the self-fertilised, but on their second 
frrowth during the following year the self-fertilised exceeded 
the crossed in height, and now they flowered first in three 
out of the four pots. 

Lupinm luteus . — Although the crossed plants were to the self- 
fertilised in height as IQO to 82 ; yet in all three i3ote the 
sclf-fortilised plants flowered first. 

Clarl-ia ehfjans . — Although the crassod plants were, as in the 
last case, to the self-fertilised in height as 100 to 82, yet in 
the two pots the self-fertilised flowered first. 

Ijdbclia falgens (First Generation). — The crossed plants were to 
the self-fertilised in height only as 100 to 127, and the latter 
flowered much before the crossed. 

Petunia violacea (Third Generation). — The crossed plants were 
to the self-fertilised in height as 100 to 131, and in tliree 
out of the four pots a self-fertilised plant flowered first ; in 
the fourth pot simultaneously. 

Petunia violated (Fourth Generation). — Although the crossed 
plants were to the self-fertilised in height as 100 to 69, yet 
in throe out of the five pots a scjlf-fertilised plant flowered 
first ; in the fourth pot simultaneously, and only in the fifth 
did a crossed plant flower first. 

Nicotitma tahacum (First Generation). — The crossed plants 
were to the self-fertilised in height only as 100 to 178, and 
a self-fertilised j)lant flowered fir.st in all four pots. 

Nicotiana tahacum (Third Genemtion).—The crossed plants 
were to the self-fertilised in height as 100 to 101, and in 
four out of the five pots a 83lf-fertili8ed plant flowered first. 

Canna warscetoiezi , — In the three generations taken together the 
crossed were to the self-fertilised in height as 100 to 101 ; in 
the first generation the self-fertilised plants showed some 
tendency to flower first, and in the third generation they 
flowered first in nine out of the twelve pots. 

Species in which the Crossed and Sdffertilised Plants 
flowered almost mmdtaneously, 

Mimulm luteuB (Sixth Generation). — The crossed plants were 
inferior in height and vigour to the self-fertilised plants 
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which all belonged to the new white-flowered tall variety, 
yet in only half the pots did the self-fertilised plants flower 
first, and in the other half the crossed plants. 

Viscaria oculata, —The crossed plants were only a little taller 
than the self-fertilised (viz., as 100 to 97), but con- 
siderably more fertile, yet both lots flowered almost 
simultaneously. 

Lathy ru$ odor atm (Second Generation). — Although the crossed 
plants were to the self-fertilised in height as 100 to 88, yet 
there was no marked difference in their period of flowering. 
Lobelia fulgem (Second Generation).— Although the crossed 
plants were to the self-fertilised in height as 100 to 91, yet 
they flowered simultaneously. 

Nicotiana tabacum (Third Generation). — ^Although the crossed 
plants were to the self-fertilised in height as 100 to 83, yet 
in half the pots a self-fertilised plant flowered first, and in 
the other half a crossed plant. 

These three lists include fifty-eight cases, in which 
the period of flowering of the crossed and self-fertilised 
plants was recorded. In forty-four of them a crossed 
plant flowered first either in a majority of the pots or 
in all ; in nine instances a self-fertilised plant flowered 
fiirst, and in five the two lots flowered simultaneously. 
One of the most striking cases is that of Cyclamen, in 
which the crossed plants flowered some weeks before 
the self-fertilised in all four pots during two seasons. 
In the second generation of Lobelia ranwsay a crossed 
plant flowered in all four pots some days before any 
one of the self-fertilised. Plants derived from a 
cross with a fresh stock generally showed a very 
strongly marked tendency to flower before the self- 
fertilised and the intercrossed plants of the old stock ; 
all three lots growing in the same pots. Thus with 
Mimulus and Dianthus, in only one pot out of ten, and 
in Nicotiana in only one pot out of sixteen, did a self- 
fertilised plant flower before the plants of the two crossed 
kinds, — these latter flowering almost simultaneously. 
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. A consideration of the two first lists, especially of 
the second one, shows that a tendency to flower first is 
generally connected with greater power of growth, that 
is, with greater height. But there are some remarkable 
exceptions to this rule, proving that some other cause 
comes into play. Thus the crossed plants both of 
Lupimts lutem and Clarhia elegans were to the self- 
fertilised plants in height as 100 to 82, and yet the 
latter flowered first. In the third generation of Nico- 
tiana, and in all three generations of Canna, the 
crossed and self-fertilised plants were of nearly equal 
height, yet the self-fertilised tended to flower first. 
On the other hand, with Primula sinensis, plants 
raised from a cross betw^een two distinct individuals, 
whether these w^ere legitimately or illegitimately 
crossed, flowered before the illegitima tely self-fertilised 
plants, although all the plants were of nearly equal 
height in both cases. So it w^as with respc^ct to height 
and flowering with Phaseolus, Specularia, and Borage. 
The crossed plants of Hibiscus were inferior in height 
to the self-fertilised, in the ratio of 100 to 109, and yet 
they flowered before the self-fertilis(jd in three out of 
the four pots. On the whole, there can be no doubt 
that the crossed plants exhibit a tendency to flower 
before the self-fertilised, almost though not quite so 
strongly marked as to grow to a greater height, to 
weigh more, and to be more fertile. 

A few other cases not included in the above three 
lists deserve notice. In all three pots of Viola tricolor, 
naturally crossed plants the offspring of crossed plants 
flowered before naturally crossed plants the oftspring 
of self-fertilised plants. Flowers on two plants, both of 
self-fertilised parentage, of the sixth generation of 
Mimulvs luteuB were intercrossed, and other flowers on 
the same plants were fertilised with their own pollen ; 
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intercrossed seedlings and seedlings of the seventh 
self-fertilised generation were thus raised, and the 
latter flowered before the intercrossed in three out of 
the five pots. Flowers on a plant both of Mhnulus 
Intern and of Iporrujea purpurea were crossed with pollen 
from other flowers on the same plant, and other flowers 
were fertilised with their own pollen ; intercrossed 
seedlings of this peculiar kind, and others strictly self- 
fertilised being thus raised. In the case of the 
Mimulus the self-fertilised plants flowered first in seven 
out of the eight pots, and in the case of the Ipomooa 
in eight out of the ten pots ; so that an intercross 
between the flowers on the same plant was very far 
from giving to the oflspring thus raised, any advantage 
over the strictly self-fertilised plants in their period 
of flowering. 

Tlie J^ects of crossing Flowers on the same Plant. 

In the discussion on the results of a cross with a fresh 
stock, given under Table C in the last chapter, it was 
shown that the mere act of crossing by itself does no 
good ; but that the advantages thus derived depend on 
the plants which are crossed, either consisting of 
distinct varieties which will almost certainly differ 
somewhat in constitution, or on the progenitors of the 
plants which are crossed, though identical in ^ every 
external character, having been subjected to somew'hat 
different conditions and having thus acquired some 
slight difference in constitution. All the flowers 
produced by the same plant have been developed 
from the same seed ; those which expand at the same 
time have been exposed to exactly the same climatic 
influences ; and the stems have all been nourished by 
the same roots. Therefore in accordance with the con- 
clusion just referred to, no good ought to result from 
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crossing flowers on the same plant.* In opposition to 
this conclusion is the fact that a bud is in one sense 
a distinct individual, and is capable of occasionally or 
even not rarely assuming new external characters, as 
well as new constitutional peculiarities. Plants raised 
from buds which have thus varied may be propagated 
for a great length of time by grafts, cuttings, &c., and 
sometimes even by seminal generation.! There exist 
also numerous species in which the flowers on the 
same plant differ from one another, — as in the sexual 
organs of monoecious and polygamous plants, — in the 
structure of the circumferential flowers in many Com- 
posite, ITmbelliferao, &c., — in the structure of the 
central flower in some plants, — in the two kinds of 
flowers produced by cleistogamic species, — and in 
several other such cases. These instances clearly 
prove that the flowers on the same plant have often 
varied independently of one another in many im- 
portant respects, such variations having been fixed, 


♦ It is, however, possible that 
the stamens which <Uff©r in length 
or o<mstmciion in the stime flower 
may produce pollen differing in 
nature, and in this manner a cross 
might be made effective between 
the several flowers on the same 
plant. Mr, Macnab states (in a 
communication to M. Verlot, ‘ La 
Production des Variet<^’ 1805, 
p. 42) that seedlings raisiHl from 
the shelter and longer stamens of 
rhodfxieudnm differ in character ; 
but the shorter stamens appa- 
rently are becoming rudimentaiy, 
and the seedlings are dwarfs, so 
that the result may be simply due 
to a want of fertilising power in 
the pollen, as in the ciase of the 
dwaifod plants of Mirabilis raised 
by Naudin by the nse of too few 
pollen^grains* Analogous state- 


ments have been made with re- 
Bpt*ct to the stamens of Pelargo- 
nium. With some of the Mela- 
stomacees, soi^dliugs raiwid by me 
from flowers fertilised by pollen 
from the shorter stamens, cer- 
tainly differed in appearance from 
those raised from tne longer sta- 
mens, with differently coloured 
anthers ; but here, again, there is 
some reason for believing that the 
shorter stamens are tending to- 
wards abortion. In the very dif- 
ferent case of trimorphic hotero- 
styled plants, the two sets of sta- 
mens in the same flower have 
widely different fertilising powers. 

t I have given numerous cases 
of such bud-variations in my * Ta- 
riation of Animals and Plants un- 
der Domestication,* chap. xl. 2ud 
edit. vol. i p. 448. 
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like those on distinct plants during the develop- 
ment of species. 

It was therefore necessary to ascertain by experiment 
what would be the effect of intercrossing flowers on 
the same plant, in comparison with fertilising them 
with their own pollen or crossing them with pollen 
from a distinct plant. Trials were carefully made on 
five genera belonging to four families; and in only 
one case, namely, Digitalis, did the ofispring from a 
cross between the flowers on the same plant receive 
any benefit, and the benefit here was small compared 
with that derived from a cross between distinct plants. 
In the chapter on Fertility, when we consider the 
effects of cross-fertilisation and self-fertilisation on the 
productiveness of the parent-plants we shall arrive at 
nearly the same result, namely, that a cross between 
the flowers on the same plant does not at all increase 
the number of the seeds, or only occasionally and to a 
slight degree. I will now give an abstract of the 
results of the five trials which were made. 

(1.) Digitalis piirjmrea . — Seedlings raised from inter- 
crossed flowers on the same plant, and others from 
flowers fertilised with their own pollen, were grown in 
the usual manner in competition with one another on 
the opposite sides of ten pots. In this and the four 
following cases, the details may be found u^der the 
head of each species. In eight pots, in which the 
plants did not grow much crowded, the flower-stems 
on sixteen intercrossed plants were in height to those 
on sixteen self-fertilised plants, as 100 to 94. In the 
two other pots in which the plants grew much crowded, 
the flower-stems on nine intercrossed plants were in 
height to those on nine self-fertilised plants, as 100 
to 90. That the intercrossed plants in these two latter 
pots had a real advantage over their self-fertilised 
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opi)onents, was well shown by their relative weights 
when cut down, w^hich w'as as 100 to 78. The mean 
height of the flower-stems on the twenty-five inter- 
crossed plants in the ten pots taken together, was to 
that of the flower-stems on the twenty-five self-ferti- 
lised plants, as 100 to 92. Thus the intercrossed 
plants were certainly superior to the self-fertilised in 
some degree ; but their superiority was small compared 
^ with that of the offspring from a cross between distinct 
plants over the self-fertilised, this being in the ratio 
of 100 to 70 in height. Nor does this latter ratio 
show at all fairly the great superiority of the plants 
derived from a cross between distinct individuals over 
the seK-fertilised, as the former produced more than 
twice as many flower-stems as the latter, and were 
much less liable to premature death. 

(2.) Jpomoeapmpurea, — Thirty-one intercrossed plants 
raised from a cross betw-een flowers on the same plants 
were growm in ten pots in competition with the same 
number of self-fertilised plants, and the former were 
to the latter in height as 100 to 105. So that the 
self-fertilised plants were a little taller than the inter- 
crossed ; and in eight out of the ten pots a self-fertilised 
plant flowered before any one of the crossed plants in 
the same pots. The plants which were not greatly 
crowded in nine of the pots (and these offer the fairest 
standard of comparison) were cut down and weighed; 
and the ‘weight of the twenty-seven intercrossed plants 
was to that of the twenty-seven self-fertilised as 100 
to 124; so that by tliis test the superiority of the 
self-fertilised was strongly marked. To this subject of 
the superiority of the self-fertilised plants in certain 
cases, I shall have to recur in a future chapter. If we 
now turn to the offspring from a cross between 
distinct plants when put into competition with self- 
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fertilised plants, we find that the mean height of 
seventy-three such crossed plants, in the course of ten 
generations, was to that qf the same number of 
self-fertilised plants as 100 to 77 ; and in the case of 
the plants of the tenth generation in weight as 100 to 
44. Thus the contrast between the effects of crossing 
flowers on the same plant, and of crossing flowers on 
distinct plants, is wonderfully great. 

(3.) Mimulus luteus, — Twenty-two plants raised by 
crossing flowers on the same plant were grown in 
competition with the same number of self-fertilised 
plants ; and the former were to the latter in height as 
100 to 95, or if four dwarfed plants are excluded as 
100 to 1 01 ; and in weight as 100 to 103. In seven out 
of the eight pots a self-fertilised plant flowered before 
any of the intercrossed. So that here again the self- 
fertilised exhibit a trifling superiority over the inter- 
crossed plants. For the sake of comparison, I inay 
add that seedlings raised during throe generations 
from a cross between distinct plants were to the self- 
fertilised plants in height as 100 to ()5. 

(4.) Pdargonium zonale. — Tw^o plants growing in 
separate pots, which had been propagated by cuttings 
from the same plant, and therefore formed in’ fact 
parts of the same individual, were intercrossed, and 
other flowers on one of these plants were self-fertilised ; 
but the seedlings obtained by the two processes did 
not differ in height. When, on the other hand, flowers 
on one of the above plants were crossed with pollen 
taken from a distinct seedling, and other fldwers were 
self-fertilised, the crossed offspring thus obtained were 
to the self-fertilised in height as 100 to 74. 

(5.) Origanum vulgare . — A plant which had been 
long cultivated in' my kitchen garden, had spread by 
stolons so as to form a large bed or clump. Seedlings 
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raised by intercrossing flowers on these plants, which 
strictly consisted of the same plant, and other seedlings 
raised from self-fertilised flowers, were carefully com- 
pared from their earliest youth to maturity ; and they 
did not differ at all in height or in constitutional 
vigour. Some flowers on these seedlings were then 
crossed with pollen taken from a distinct seedling, and 
other flowers were self-fertilised ; two fresh lots of 
seedlings being thus raised, which were the grand- 
children of the plant that had spread by stolons and 
formed a large clump in my garden. These differed 
much in height, the crossed plants being to the 
self-fertilised as 100 to 86. They differed, also, to a 
wonderful degree in constitutional vigour. The crossed 
plants flowered first, and produced exactly twice as 
many flower-stems ; and they afterw^ards increased by 
stolons to such an extent as almost to overwhelm the 
self-fertilised plants. 

Reviewing these five cases, we see that in four of 
them, the effect of a cross between flowers on the same 
plant (even on offsets of the same plant growing on 
separate roots, as with the Pelargonium and Origa- 
num) does not differ from that of the strictest self*^ 
fertilisation. Indeed, in two of the cases the self-fer- 
tilised plants were slightly superior to such intercrossed 
plants. With Digitalis t. cross between the flow^ers on 
the same plant certainly did do some good, yet very 
slight compared with that from a cross betw een distinct 
plants. On the whole the results here arrived at, if 
we bear in mind that the flower-buds are to a certain 
extent distinct individuals and occasionally vary inde- 
pendently of one another, agree well with our general 
conclusion, that the advantages of a cross depend on 
the progenitors of the crossed plants possessing some- 
what different constitutions, either from having been 
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exposed to different conditions, or to their having 
varied from unknown causes in a manner which we in 
our ignorance are forced to speak of as spontaneous. 
Hereafter I shall have to recur to this subject of the 
inefficiency of a cross between the flowers on the same 
plant, when we consider the part which insects play in 
the cross-fertilisation of flowers. 

On the Transmission of the good Effects from a Cross 
and of the evil Effects from Selffertilisation . — We have 
seen that seedlings from a cross between distinct plants 
almost always exceed their self-fertilised opponents in 
height, weight, and constitutional vigour, and, as will 
hereafter be shown, often in fertility. To ascertain 
whether this superiority would be transmitted beyond 
the first generation, seedlings were raised on three 
occasions from crossed and self-fertilised plants, both 
sets being fertilised in the same manner, and therefore 
not as in the many cases given in Tables A, B, and C, 
in which the crossed plants wore again crossed and the 
self-fertilised again self-fertilised. 

Firstly, seedlings were raised from self-fertilised 
seeds produced under a net by crossed and self-fer- 
tilised plants of Nemophila insignis; and the latter 
were to the former in height as 133 to 100. But these 
seedlings became very unhealthy early in life, and grew 
so unequally that in both lots some were five times 
as tall as the others. Therefore this experiment was 
quite worthless ; but I have felt bound to give it, as 
opposed to my general conclusion. I should state that 
in this and the two following trials, both sets of plants 
were grown on the opposite sides of the same pots, and 
treated in all respects alike. The details of the experi- 
ments may be found under the head of each species. 

Secondly, a crossed and a self-fertilised plant of 
Heartsease {Viola tricolor) grew near together in the 
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open ground and near to other plants of heartsease ; 
and as both produced an abundance of very fine cap- 
sules, the flowers on both were certainly cross-fertilised 
by insects. Seeds were collected from both plants, and 
seedlings raised from them. Those from the crossed 
plants flowered in all three pots before those from the 
self-fertilised plants ; and when fully grown the former 
were to the latter in height as 100 to 82. As both sets 
of plants were the product of cross-fertilisation, the 
diflerence in their growth and period of flowering was 
clearly due to their parents having been of crossed and 
self-fertilised parentage ; and it is equally clear that 
they transmitted different constitutional powers to their 
offspring, the grandchildren of the plants which were 
originally crossed and self-fertilised. 

Thirdly, the Sweet Pea (Lathyrus odoratus) habi- 
tually fertilises itself in this country. As I possessed 
plants, the parents and grandparents of which had 
been artificially crossed and other plants descended 
from the same parents which had been self-fertilised 
for many previous generations, these two lots of plants 
were allowed to fertilise themselves under a net, and 
their self-fertilised seeds saved. The seedlings thus 
raised were grown in competition with each other in the 
usual manner, and differed in their powers of growth. 
Those from the self-fertilised plants which had been 
crossed during the two previous generations were to 
those from the plants self-fertilised during many pre- 
vious generations in height as 100 to 90. These two 
lots of seeds were likewise tried by being sown under 
very unfavourable conditions in poor exhausted soil, and 
the plants whose grandparents and great-grandparents 
had been crossed showed in an unmistakable manner 
their superior constitutional vigour. In this case, as 
in that of the hearteease, there could be no doubt that 
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the advantage derived from a cross between two plants 
was not confined to tlie offspring of the first generation. 
That constitutional vigour due to cross-parentage is 
transmitted for many generations may also be inferred 
as highly probable, from some of Andrew Knight’s 
varieties of the common pea, which were raised by 
crossing distinct varieties, after which time they no 
doubt fertilised themselves in each succeeding gene- 
ration. These varieties lasted for upwards of sixty 
years, but their glory is now departed.” * On the 
other hand, most of the varieties of the common pea, 
w^hich there is no reason to suppose owe their origiu 
to a cross, have had a much shorter existence. Some 
also of IVlr. J^axtcm’s varieties produced by artificial 
crosses have retained their astonishing vigour and 
luxuriance for a considerable number of generations ; 
but as Mr. Laxton informs me, his experience does 
not extend Wyond twelve generations, within which 
period he has never perceived any diminution of vigour 
in his plants. 

An allied point may be here noticed. As the force 
of inheritance is strong with plants (of w hich abundant 
evidence could be given), it is almost certain that seed- 
lings from the same capsule or from the same plant 
would tend to inherit nearly the same constitution ; and 
as the advantage from a cross depends on the plants 
which are crossed differing somew^hat in constitution, 
it may be inferred as probable that under similar con- 
ditions a cross bcjtween the nearest relations would 
not benefit the offspiing so much as one between non- 
related plants. In support of this conclusion we have 
some evidence, as Fritz Muller has shown by his 


* See the evidence on this mestioation,’ chap. ix. vol. i. 2iid 
head in my * Variation under Do- edit. p. 397. 


X 
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Taliiable experiments on hybrid Abutilons, that the 
union of brothers and sisters, parents and children, 
and of other near relations is highly injurious to the 
fertility of the offspring. In one case, moreover, seed- 
lings from such near relations possessed very weak 
constitutions.* This same observer also found f three 
plants of a Bignonia growing near together. He fer- 
tilised twenty-nine flowers on one of them with their 
own pollen, and they did not set a single capsule. 
Thirty flow^ers were then fertilised with pollen from 
a distinct plant, one of the three growing together, 
and they yielded only two capsules. Lastly, five 
flowers w'ere fertilised with pollen from a fourth plant 
growing at a distance, and all five produced capsules. 
It seems therefore probable, as Fritz ]\Iuller suggests, 
that the three plants growing near together were 
seedlings from the same parent, and that from being 
closely related they had little power of fertilising one 
another.^ 

Lastly, the fact of the intercrossed plants in 
Table A not exceeding in height the self-fertilised 
plants in a greater and greater degree in the later 
generations, is probably due to their having become 
more and more closely inter-related, 

TJmfortn Colour of the Flowers on Plants^ self-fertilised 
and grown under similar conditions for several Genera- 
tions. — At the commencement of my experiments, the 
parent-plants of Mimulus luteus^ Ifomoea furpurea^ 
Dianthus caryophyUuSy end Petunia violacea, raised 
from purchased seeds, varied greatly in the colour 

♦ ‘Jenaihcbe Zeitselirift fUr DoinesticMtion ' 'chap, xvh, 2nd 
Natarw.; B. vii., pp. 22 and 45, edit. vol. 2, p. 121 ) of Jiybrids of 
1872 : and 1873, pp. 441-450. Gludiolug and Cistng, any one of 

t * Bot. Zeitunsr/ 18(58, p. 626. which could bo fertilised by pollen 

X Borne remarkable cases ‘ are from any other, but not by its 
given in my ‘ Variiition under own pollen. 
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of their flowers. This occurs with many plants which 
have bee^ long cultivated as an ornament for the 
flower-garden, and which have been propagated by 
seeds. The colour of the flowers was a point to which 
I did not at first in the least attend, and no selection 
whatever was practised. Nevertheless, the flowers 
produced by the self-fertilised plants of the above 
four species became absolutely uniform in tint, or very 
nearly so, after they had been grown for some gene- 
rations under closely similar conditions. The inter- 
crossed platiits, which were more or less closely 
inter-related in the later generations, and which had 
been likewise cultivated all the time under similar 
conditions, became more unifoim in the colour of 
their flowers than were the original parent-plants, but 
much less so than the self-fertilised plants. When 
self-fertilised plants of one of the later generations 
wer'^^rossed with a fresh stock, and seedlings thus 
rai^te4i . V^se presented a wonderful contrast in the 
diversified tints of their flowers compared with those of 
the self-fertilised seedlings. As such cases of flowers 
becoming uniformly coloured without any aid from 
selection seem to me curious, I will give a full 
abstract of my observations. 

Mimulus luteus . — A tall variety, bearing large, almost 
white flowers blotched with crimson, appeared amongst 
the intercrossed and self-fertilised plants of the third 
and fourth generations. This variety increased so 
rapidly, that in the sixth generation of self-fertilised 
plants every single one consisted of it. So it was 
with all the many plants which were raised, up to the 
last or ninth self-fertilised generation. Although this 
variety first appeared amongst the intercrossed plants, 
yet from their offspring being intercrossed in each 
succeeding generation, it never prevailed amongst 

X 2 
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them; and the flowers on the several intercrossed 
plants of the ninth generation differed considerably in 
colour. On the other hand, the uniformity in colour 
of the flowers on the plants of all the later self-fer- 
tilised generations was quite surprising ; on a casual 
inspection they might have been said to be quite alike, 
but the crimson blotches were not of exactly the same 
shape, or in exactly the same position. Both my 
gardener and myself bcdieve that this variety did 
not appear amongst the parent-plants, raised from pur- 
chased seeds, but from its appearance amongst both the 
crossed and self-fertilised plants of thetliird and fourth 
generations ; and from what I have seen of the variation 
of this species on other occasions, it is probable that it 
would occasionally appear under any circumstances. 
We learn, how^ever, from the present case that under 
the peculiar conditions to which my plants wore 
subjected, this particular variety, remarkable for its 
colouring, largeness of the corolla, and increased 
height of the whole plant, prevailed in the sixth and 
all the succeeding self-fertilised generations to the 
complete exclusion of every other variety. 

Ipomoea imrpurea , — My attention was first drawn to 
the present subject by observing that the flow^ers on all 
the plants of the seventh self-fertilised generation were 
of a uniform, remarkably rich, dark purple tint. The 
many plants which w^ere raised during the three suc- 
ceeding generations, up to the last or tenth, all pnjduced 
flowers coloured in the same manner. They were 
absolutely uniform in tint, like those of a constant 
species living in a state of nature ; and the self-fertilised 
plants might have been distinguished with certainty, 
as my gardener remarked, without the aid of labels, 
from the intercrossed plants of the later generations. 
These, however, had more uniformly coloured flowers 
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than those which were first raised from the purchased 
seeds. This dark purple variety did not appear, as 
far as my gardener and myself could recollect, before 
the fifth or sixth self-fertilised generation. However 
this may have been, it became, through continued 
self-fertilisation and the cultivation of the plants 
under uniform conditions, perfectly constant, to the 
exclusion of every other variety. 

Dianthm oaryophyllua , — The self-fertilised plants of 
the third generation all bore flowers of exactly the 
same pale rose-colour ; and in this respect they differed 
quite remarkably from the plants growing in a large 
bed close by and raised from seeds purchased from the 
same nursery garden. In this case it is not improbable 
that some of the parent-plants which were first self- 
fertilised may have borne flowers thus coloured ; but 
as several plants were self-fertilised in the first genera- 
tion, it is extremely improbable that all bore flowers 
of exactly the same tint as those of the self-fertilised 
plants of the third generation. The intercrossed plants 
of the third generation likewise produced flowers 
almost, though not quite so uniform in tint as those 
of the self-fertilised plants. 

Petunia violacea , — In this case I happened to record 
in my notes that the flowers on the parent-plant which 
was first self-fertilised were of a “ dingy purple colour.” 
In the fifth self-fertilised generation, every one of the 
twenty-one self-fertilised plants growing in pots, and 
all the many plants in a long row out of doors, 
produced flowers of absolutely the same tint, namely, 
of a dull, rather peculiar and ugly flesh cdlour ; there- 
fore, considerably unlike those on the parent-plant. I 
believe that this change of colour supervened quite 
gradually ; but I kept no record, as the point did not 
interest me until I was struck with the uniform tint 
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of the flowers on the seli«fertilised plants of the fifth 
generation. The flowers on the intercrossed plants of 
the corresponding generation were mostly of the same 
dull flesh colour, but not nearly so uniform as those on 
the self-fertilised plants, some few being very pale, 
almost white. The self-fertilised plants wliich grew in 
a long row in the ojien ground were also remarkable for 
their uniformity in heiglit, as were the intercrossed 
plants in a less degree, both lots being compared with 
a large number of plants raised at the same time under 
similar conditions from the self-fertilised plants of the 
fourth generation crossed by a fresh stock. I regret 
that I did not attend to the uniformity in height of 
the self-fertilised seedlings in the later generations of 
the other species. 

These few cases seem to me to possess much interest. 
We learn from them that new^ and slight shades of 
colour may be quickly and firmly fixed, independently 
of any selection, if the conditions are kept as nearly 
uniform as is possible, and no intercrossing be per- 
mitted. With Mimulus, not only a grotesque style of 
colouring, but a larger corolla and increased height of 
the whole plant were thus fixed ; whereas with most 
plants which liave been long cultivated for the flower- 
garden, no character is more variable than that of 
colour, excepting i)erhaps that of h 63 ight. From the 
consideration of tliese cases we may infer that the 
variability of cultivated plants in the above respects 
is duo, firstly, to their being subjected to somewhat 
diversified conditions, and, secondly, to their being 
often inter-crossed, as would follow from the free access 
of insects. I do not see how this inference can be 
avoided, as when the above plants were cultivated 
for several generations under closely similar conditions, 
and were intercrossed in each generation, the colour 
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of their flowers tended in some degree to change and to 
become uniform. When no intercrossing with other 
plants of the same stock was allowed, — that is, when 
the flowers were fertilised with their own pollen in 
each generation — their colour in the later generations 
became as uniform as that of plants growing in a 
state of nature, accompanied at least in one instance 
by much uniformity in the height of the plants. But 
in saying that the diversified tints of the flowers on 
cultivated plants treated in the ordinary manner are 
due to differenc.es in the soil, climate, <.fec., to which 
they are exposed, I do not wish to imply that such 
variations are caused by these agencies in any more 
direct maxiner than that in w^hich the most diversified 
illnesses, as colds, inflammation of the lungs or pleura, 
rheumatism, &c., may be said to be caused by expo- 
sure to cold. In both cases the constitution of the 
being which is acted on is of preponderant importance. 
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CHAPTEE IX. 

The Effects op Cross-fertilisation an» Self-fertilisation on 
THE Production op Seeds. 

Fertility of pi nuts of crossed and self-fertilised parentage, both lots 
bcin*^ fertilised in the same manner — Fertility of the parent-plants 
when first crossed and self-fertilised, and of their crossed and self- 
fi'rtiliscd offspring when again crossed and stdf-feitilised — Com- 
jjarison of the fertility of flowers fertilised with their own pollen 
and with that from other flowers on the same plant — Self-sterile 
plants — Causes of self-sterility — The appearance of highly self- 
fertile varieties — Self-fertilisation apparently in some resp(;cts bene- 
ficial, independently of the assured production of seeds. — Relative 
weights and rates of germination of seeds from crossed and self- 
fertilised flow'ers. 

The present chapter is devoted to the Fertility of 
plants, as influenced by cross-fertilisation and self- 
fertilisation. The subject consists of two distinct 
branches ; firstly, the relative productiveness or fertility 
of flowers crossed with pollen from a distinct plant and 
with their own pollen, as shown by the proportional 
number of capsules which they produce, together 
with the number of the contained seeds. Secondly, 
the degree of innate fertility or sterility of the seed- 
lings raised from crossed and self-fertilised seeds ; such 
seedlings being of the san e age, grown under the same 
conditions, and fertilised in the same manner. These 
two branches of the subject correspond with the two 
which have to be considered by any one treating of 
hybrid plants; namely, in the first place the comparative 
productiveness of a species when fertilised with pollen 
from a distinct species and with its own pollen ; and 
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in the second place, the fertility of its hybrid off- 
spring. These two classes of cases do not always run 
parallel ; thus some plants, as Gartner has shown, can 
be crossed with great ease, but yield excessively sterile 
hybrids ; while others are crossed with extreme diffi- 
culty, but yield fairly fertile hybrids. 

The natural order to follow in this chapter would 
have been first to consider the effects on the fertility 
of the parent-plants of crossing them, and of fertilising 
them with their own pollen ; but as we have discussed 
in the two last chapters the relative height, weight, 
and constitutional vigour of crossed and self-fertilised 
plants — that is, of plants raised from crossed and 
self-fertilised seeds — it will be convenient here first 
to consider their relative fertility. The ca^^es observed 
by me are given in the following table, D, in which 
plants of crossed and self-fertilised parentage were left 
to fertilise themselves, being either crossed by insects 
or spontaneously self-fertilised. It should be observed 
that the results cannot be considered as fully trust- 
worthy, for the fertility of a plant is a most variable 
element, depending on its age, health, nature of the 
soil, amount of water given, and temperature to which 
it is exposed. The number of the capsules produced 
and the number of the contained seeds, ought to have 
been ascertained on a large number of crossed and self- 
fertilised plants of the same age and treated in every 
respect alike. In these two latter respects my observa- 
tions may be trusted, but a sufficient number of capsules 
were counted only in a few instiinces. The fertility, 
or as it may perhaps better be called the productive- 
ness, of a plant depends on the number of capsules 
produced, and on the number of seeds which these 
contain. But from various causes, chiefly from the 
want of time, I was often compelled to rely on the 
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number of the capsules alone. Nevertheless, in the 
more interesting cases, the seeds were also counted 
or weighed. The average number of seeds per capsule 
is a more valuable criterion of fertility than the 
number of capsules produced. This latter circum- 
stance depends partly on the size of the plant ; and we 
know that crossed plants are generally taller and 
heavier than the self-fertilised ; but the difference in 
this respect is rarely sufficient to account for the 
difference in the number of the capsules produced. It 
need hardly be added that in the following table the 
same number of crossed and self-fertilised plants are 
always compared. Subject to the foregoing sources of 
doubt I will now give the table, in which the parentage 
of the plants experimented on, and the manner of 
determining their fertility are explained. Fuller 
details may be found in the previous part of this work, 
under the head of each species. 

Table D. — Relative Fertility of Plants of crossed and self-f&rtilised 
Parentage, both sets being fertilised in the same manner » Ftr- 
tility judged of by various Standards, That tf the crossed Plants 
taken as 100. 


Il»OMa!:A PtJRPURKA — first gencraticm : seeds per capsule 
on crossed and self-fertilised plants^ not growing much 
crowded, spontaneously self-fertilised under a net, in 

number 

Ipomcea purpurea — seeds per capsule on crossed and 
self-fertilised plants from the same parents as in the last 
case, but growing much crowded, spontaneously self- 
fertilised under a net, in number ....... 

IrOMCEA PURPUREA — productiveness of the same plants, as 
judged by the number of capsules produced, and average 

number of seeds per capsule 

Ipdm<BA purpurea — third generation: seeds per c-apsule 
on crossed and self-fertilised plants, spontaneously self. 

fertilised under a net, in number 

Ipomcea purpurea — productiveness jof the same plants, 
as judged by number of capsules produced, and average 
number of seeds per capsule . 


j» 4-5 
n n ^ 

»> w 


as 100 to 99 
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Table D — continued^ 


Ii»OMCEA PURPUREA — fifth generation: seeds per capsule 
on crossed and self-fertilised plants, left uncovered in the 
hothouse, and spontaneously fertilised 

I POM(EA PURPUREA — ninth generation : number of capsules 
on crossed plants to those on self-fertilised plants, spon- 
taneouhly self-fertilised under a not 

Mimulus luteus — un equal number of wipsules on plants^ 
descended from self- fertilised plants of the 8th genera- 
tion crossed by a fresh stock, and on plants of the 9th 
self-fertilised generation, both sets having been left 
uncovered and spontaneously fertilised, contained seeds, 
by weight ^ 

Mimulus i.uteus — productiveness of the same plants, a.s 
judged by number of capsules produced, and average 
weight of seeds per caj)sule 

Vandellia ^UMMUl.AltiFOLlA — soeds pel* capsule from! 
cleistogamic dowers on the crossed and self-fertilised) 
plants, in number « . 

Salvia coccinka — crossed plants, compared with self-fer-l| 
tiiised plants, produced flowers, in number . . . ./ 

Iberis UMBELLATA — plants left uncovered in gi'oenhouse; 
intercrossed plants of the 3rd generation, compared with 
self-fertilised plants of the 3rd generation, yielded seeds, 
in number 

Ideris UMBELLATA — plants from a cross between two 
varieties, compared with self-fertilised plants of the 3rd 
generation, yielded seeds, by weight ...... 

Pap AVER VAGUM — crossed and self-fertilised plants, leftlj 
uncovered, produced capsules, in nuniber j| 

Eschscmoltzia californica — B razilian stock; plants left 
uncovered and cross-fertilised by bees; capsules on 
intercrossed plants of 2nd generation, compared with 
capsules on self-fertilised plants of 2nd generation, con- 
tained seeds, in number 

Eschscholtzia caltfornica — productiveness of the same 
plants, as judged by number of capsules produced, and 
average number of seeds per capsule ...... 

Eschscholtzia CAUroRNiCA — plants left uncovered and* 
cross-fertilised by bees; cap.sules on plants derived from 
intercrossed plants of 2nd generation of the Brazilian 
stock crossed by English stock, compared with capsules 
on self- fertilised plants of 2nd generation, contained 
seeds, in number. ^ 


Eschscholtzia californica— productiveness of the same 
plants, as judged by number of capsules produced, and 
average number of seeds per capsule ...... 


as 100 to 89 

o » 26 

» jj 30 

» •» 3 

, „ 106 

, » 57 

, „ 75 

, „ 75 

. 99 

» »> 78 ^ 

» 89 

, « 83 

, „ 40 
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Table D — cmtinued. 


Rkseda ODORATA — crossed and self-fertilised plants, left 
uncovered and cross-fertilised by bees, produced capsules 

in number (about) 

Viola tricolor — crossed and self-fertilised plants, left! 
uncovered and cross-fertilised by bees, produced capsules > 

in nuin]>er ) 

Dei.phinium consolida — crossed and self-fertilised plants, j 
left uncovered in the greenhouse, produced capsules in> 

number | 

Viscaria OCULATA — crossed and self-fertilised plants, left! 

uncovered in the greenhouse, produced capsules in number/ 
Dianthus carvophyllcs— plants spontaneously self-ferti«j 
Used under a net; capsules on intercrossed and s(df-f 
fertilised plants of the 3rd generation contained seeds inlj 
number 1 1 


as 100 to 100 


10 


56 


77 


125 


Diaxthus caryophylltts — plants left uncovered and cross-) | 
fertilised by insects : offspring from plants self-fertilised ! 
for three generations and then crosse<l by an inter- 1 
crossed fdant of the same stock, compared with jdants ” 
of the 4th self-fertilised generation, produced seeds by 

weight 

Dianthus OARYOPHYLLiTS — j)lant8 left uncovered and cross-) 
fertilised by insects: off'spring from plants self-fertilised 
for three generations and then crossed by a fresh ► „ 

stock, com]>ared with plants of the 4th self-fertilised 

generation, j)roduced seeds by weight 

TroP/Y.olum minus — crossed and self-fertilised )>lants, leftl 
uncovered in the greenhouse, produced seeds in number . f 
Limnastiiks DOUaLASiT — crossed and b(df-fertiliscd plants, 
left uncovered in greenhouse, produced capsules iu> „ 

number (about) 

Lupinus LUTEtTs — crossed and self-fertilised plants of the 
2nd generation, left uncovered in the greenhouse, pro- - „ 

duced seeds in number (judged from only a few pods) 
PhaseOLUS MULTIFLORUS — crossed and self-fertilised plants, 
left uncovered in the greenhouse, produced seeds in „ 

number (about) 


»> 


73 




33 


» 


64 


„ 100 


88 

100 


Lathyrus ODORATUS—crossed and self-fertilised plants of,' 
the 2nd generation, left uncovered in the greenhouse, but 
certainly self-fertilised, produced oods in number 
Clarkia elegans — crossed and se f-fertilised plants, left'll 
uncovered in the greenhouse, produced capsules in number |i ” 
Nemophila iNSiGNis — crossed and self-fertilised j)lant8, 
covered by a net and spontaneously self-fertilised in the! „ 

greenhouse, produced capsules in number 

Petunia violacea— left uncovered and cross-fertilised by 
insects : plants of the 5th intercrossed and self-fertilised 
generations produced seeds, as judged by the weight of an ” 
equal number of capsules jj 


60 




29 


„ 86 
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Table D — ccmtinued. 


Petunia viOLACK A. — left uncovered as above: oflspring of) 
plants self-fertilised for four generations and then crossed 
by a fresh stock, compared with plants of the 5th self- 
fertilised generation, produced seeds, as judged by the 

weight of an e(iufil number of capsules 

CVOLAMRN PEKS1CUM — crossed and self-fertilised plants, leftV 
uncovered in the greenhouse, produced capsules in number/ 
A NagajJjIS COLLINA —crossed and self-fertilised plants, leftV 
uncovered in the greenhouse, produced ca}>sules in uiunher/ 
PRTMUI.A vioRis — left uncovered in open ground and cross- 
iortilisod by insects : offspring from jdauts of the .‘Ird 
illegitimate generation crossed by a fresh stock, compared 
with plants of the 4th illegitimate and self-fertiii&ed 

generation, prcalut-ed capsules in number ^ 

Same plants in the following year 

PliiMUUA VF.uis — (equal -sty led variety): left iincovevod iff 
open ground and cross-fertilised by insects : offspring 
from plants self-fertilised for two generations and then 
crossed by another variety, com})ared with plants of the .'Ird 
self-fertilised generation, produced ca])sules in number J I 
Primula vfris — ( equal-styled var.) same plants ; averageV 

number of seeds per capsule / 

Primula veris— ( equal-styled var.) ju-oductiveness of the 
same jdants, as judged by number of capsules produced > 
and average number of seeds per capsule ) 


as 100 to 46 


12 


15 


71 


11 


This table includes thirty-three cases relating to 
twenty-three species, and shows the degree of innate 
fertility of plants of crossed parentage in comparison 
with those of self-fertilised parentage ; both lots being 
fertilised in the same manner. With several of the 
species, as with Eschscholtzia, Eeseda, Viola, Dian- 
thiis, Petunia, and Primula, both lots were certainly 
cross-fertilised by insects, and so it probably*" was with 
several of the others ; but in some of the species, as 
with Nemophila, and in some of the trials with Ipomoea 
and Dianthus, the plants were covered up, and both 
lots were spontaneously self-fertilised. This also was 
necessarily the case with the capsules produced by the 
cleistogamic flowers of Vandellia. 
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The fertility of the crossed plants is represented in 
the table by 100, and that of the self-fertilised by the 
other figures. There are fire cases in which the fertility 
of the self-fertilised plants is approximately equal to 
that of the crossed ; nevertheless, in four of these cases 
the crossed plants were plainly taller, and in the fifth 
somewhat taller than the self-fertilised. But I should 
state thA-t in some of these five cases the fertility of 
the two lots was not strictly ascertained, as the capsules 
were not actually counted, from appearing equal in 
number and from all apparently containing a full com- 
plement of seeds. In only two instances in the table, 
viz., with Vandellia and in the third generation of 
Dianthus, the capsules on the self-fertilised plants 
contained more seed than those on the crossed plants. 
With Dianthus the ratio between the number of seeds 
contained in the self-fertilised and crossed capsules 
was as 125 to 100 ; both sets of plants were left to 
fertilise themselves under a net; and it is almost 
certain that the greater fertility of the self-fertilised 
plants was here due merely to their having varied 
and become less strictly dichogainous, so as to mature 
their anthers and stigmas more nearly at the same 
time than is proper to the species. Excluding the 
seven cases now referred to, there remain twenty-six 
in which the crossed plants were manifestly much 
more fertile, sometimes to an extraordinary degree, 
than the self-fertilised with which they grew in com- 
petition. The most striking instances are those in 
which plants derived from a cross with a fresh stock 
are compared with plants of one of the later self-fer- 
tilised generations ; yet there are some striking cases, 
as that of Viola, between tlie intercrossed plants of the 
same stock and the self-fertilised, even in the first 
generation. The results most to be trusted are those 
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in which the productiveness of the plants was ascer- 
tained by the number of capsules produced by an 
equal number of plants, together with the actual or 
average number of seeds in each capsule. Of such 
cases there are twelve in the table, and the mean of 
their mean fertility is as 100 for the crossed plants, 
to 59 for the self-fertilised plants. The Primulacea? 
seem eminently liable to sutler in fertility from self- 
fertilisation. 

The following short table, E, includes four cases 
which have already been partly given in the last table. 

Table E . — Innate Fertility of Plants from a Cross with a fresh 
Stoch^ compared with that of Inten'crosscd Plants of the same 
Stockf and with that of Sclffertilistd Plants, all of the corre'- 
spending Generation ; cdl these sets being fertilised in the same 
manner. Fertility judged of hy the number or loeight of seeds 
produced hy an equal number of Plants, 



Plants from a 
Cross with a 
Fresh Stock. 

Intercrossed 
Plants of the 
same Stock. 

Self- fertilised 
Plants. 

Mimulus tattkus — the intercrossed plants are de-j 
riA^eJ from a cross belwoen two plants of the( 
8th self-fertilised generation. The self-fertilised | 
plants belong to the 9th generation . . . . j 

100 

i 

4 

3 

EsChscholtzj A CALIFOKXICA — the intercrossed andl 
self-fertilised plants belong to the 2Dd generation) 

100 

45 

40 

Dianthtjs caryophyllcs — the intercrossed plants' 
are derived from self-fertilised of the 3rd ge- 
neration, crossed by intercrossed plants of the 
3rd generation. The self-fertilised plants belong 
io the 4th generation 

100 

45 

33 

Petunia violacea — the intercrossed and self-fer-i 
tilised plants belong to the 5th generation . . j 

‘ 100 

54 

46 


— In the above cases, excepting in that of Eschscholtzia, the plants 
derived from ^ cross with a fresh stuck belong on the mother-side to the 
same, stock with the intercrossed and self-fertilised plants, and to the cor- 
responding generation. 
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These cases show us how greatly superior in innate 
fertility the seedlings from plants self-fertilised or 
intercrossed for several generations and then crossed 
by a fresh stock are, in comparison with the seedlings 
from plants of the old stock, either intercrossed or 
self-fertilised for the same number of generations. The 
three lots of plants in each case were left freely ex- 
posed to the visits of insects, and their flowers without 
doubt were cross-fertilised by them. 

This table further shows us that in all four cases the 
intercrossed plants of the same stock still have a 
decided though small advantage in fertility over the 
self-fertilised plants. 

With respect to the state of the reproductive organs 
in the self-fertilised plants of the two last tables, 
only a few observations were made. In the seventh 
and eighth generation of Iponioea, the anthers in the 
flowers of the self-fertilised plants wore plainly smaller 
than those in the flowers of the intercrossed plants. 
The tendency to sterility in these same plants was 
also shown by the first-formed flowers, after they had 
been carefully fertilised, often dropping off, in the 
same manner as frequently occurs with hybrids. The 
flowers likewise tended to be monstrous. In the 
fourth generation of Petunia, the j)ollen produced 
by the self-fertilised and intercrossed plants was 
compared, and there were far more empty and shrivelled 
grains in the former. 

Belcdive Fertility of Flowers crossed with Pollen from a 
distinct Plant and with their own Pollen, This heading 
includes flowers on the Paretd-plants^ and on the crossed 
and sdf fertilised Seedlings of the first or a succeeding Ge* 
neration, — I will first treat of the parent-plants, which 
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were raised from seeds purchased from nursery-gardens, 
or taken from plants growing in my garden, or 
growing wild, and surrounded in every case by many 
individuals of the same species. Plants thus circum- 
stanced will commonly have been intercrossed by 
insects; so that the seedlings which were first ex- 
perimented on will generally have been the product 
of a cross. Consequently any difference in the 
fertility of their flowers, when crossed and self-fer- 
tilised, yfill have been caused by the nature of the 
pollen employed ; that is, whether it was taken from 
a distinct plant or from the sarne flower. The de- 
grees of fertility shown in the following table, F, 
were determined in each case by the average numl>er 
of seeds per capsule, ascertained either by counting 
or weighing. 

Another element ought proj)erly to have been taken 
into account, namely, the proportion of flowers which 
yielded capsules when they were crossed and self-fer- 
tilised; and as crossed flowers generally produce a 
larger proportion of capsules, their superiority in fer- 
tility, if this element had been taken into account, 
would have been much more strongly marked than 
appears in Table F. But had I thus acted, there 
would have been greater liability to error, as pollen 
applied to the stigma at the wrong time fails to pro- 
duce any effect, independently of its greater or less 
potency. A good illustration of the great difference 
in the results which sometimes follows, if the number 
of capsules produced relatively to the number of flowers 
fertilised be included in the calculation, was aflbrded 
by Nolana prostrata. Thirty flowers on some plants 
of this species were crossed and produced twenty-seven 
capsules, each containing five seeds ; thirty-two flowers 
on the same plants were self-fertilised and produced 

Y 
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These cases show us how greatly superior in innate 
fertility the seedlings from plants self-fertilised or 
intercrossed for several generations and then crossed 
by a fresh stock are, in comparison with the seedlings 
from plants of the old stock, either intercrossed or 
self-fertilised for the same number of generations. The 
three lots of plants in each case were left freely ex- 
posed to the visits of insects, and their flowers without 
doubt were cross-fertilised by them. 

This table furtlier shows us that in all four cases the 
intercrossed plants of the same stock still have a 
decided though small advantage in fertility over the 
self-fertilised plants. 

With respect to the state of the reproductive organs 
in the self-fertilised plants of the two last tables, 
only a few observations were made. In the seventh 
and eighth generation of Ipomoea, the anthers in the 
flowers of the self-fertilised plants were plainly smaller 
than those in the flowers of the intercrossed plants. 
The tendency to sterility in those same plants was 
also shown by the first-formed flowers, after they had 
been carefully fertilised, often dropping olf, in the 
same manner as frequently occurs with hybrids. The 
flowers likewise tended to be monstrous. In the 
fourth generation of Petunia, the pollen produced 
by the self-fertilised and intercrossed plants was 
compared, and there were far more empty and shrivelled 
grains in the former. 

Relative Fertiliiy of Flowers crossed mth Pollen from a 
distinct Plant and with their own Pollen. This heading 
includes flowers on the Parent-plants, and on the crossed 
and self fertilised Seedlings of the first or a succeeding Ge* 
neration, — I will first treat of the parent-plants, which 
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were raised from seeds purchased from nursery-gardens, 
or taken from plants growing in my garden, or 
growing wild, and surrounded in every case by many 
individuals of the same species. Plants thus circum- 
stanced will commonly have been intercrossed by 
insects; so that the seedlings which were first ex- 
perimented on will generally have been the product 
of a cross. Consequently any difference in the 
fertility of their flowers, when crossed and self-fer- 
tilised, will have been caused by the nature of the 
pollen employed ; that is, whether it was taken from 
a distinct plant or from the saihe flower. The de- 
grees of fertility shown in the following table, F, 
were determined in each case by the average number 
of seeds per capsule, ascertained either by counting 
or weighing. 

Another element ought properly to have been taken 
into account, namely, the proportion of flowers which 
yielded capsules when they were crossed and self-fer- 
tilised; and as crossed flowers generally produce a 
larger proportion of capsules, their superiority in fer- 
tility, if this element had been taken into account, 
would have been much more strongly marked than 
appears in Table F. But had I thus acted, there 
would have been greater liability to error, as pollen 
applied to the stigma at the wrong time fails to pro- 
duce any effect, independently of its greater or less 
potency. A good illustration of th« great difference 
in the results which sometimes follows, if the number 
of capsules produced relatively to the number of flowers 
fertilised be included in the calculation, was afforded 
by Nolana prostrata. Thirty flowers on some plants 
of this species were crossed and produced twenty-seven 
capsules, each containing five seeds ; thirty-two flowers 
on the same plants were self-fertilised and produced 
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only six papsules, each containing five seeds. As the 
number of seeds per capsule is here the same, the fer- 
tility of the crossed and self-fertilised flowers is given 
in Table F as equal, or as 100 to 100. But if the 
flowers which failed to produce capsules be included, 
the crossed flowers yielded on an average 4*50 seeds, 
whilst the seK-fertilised flowers yielded only 0 * 94 seeds, 
so that their relative fertility would have been as 100 
to 21. I should here state that it has been found con- 
venient to reserve for separate discussion the cases of 
flowers which are usually quite sterile with their own 
pollen. 


Table F. — Belative Fertility of the Flou'ers on the Parent-plants 
used in my Experiments, when fertilised with Pollen from a 
distinct Plant and with their own Pollen, Fertility judged of 
hy the average Number of Seeds per Capsule, Fertility of 
Crossed Flowers tahcn as 100. 


Itomcea PUHPUEEA — crossed and self-fertilised flowers m 

yielded seeds as (about) ‘ ' 

Mimulus LUTEUa — crossed and self-fertilised flowers yielded 

seeds as (by weight) 

Linaria Vuloaris — crossed and self-fertilised flowers 

yielded seeds as . , 

Vandellia nummularipolia — crossed and self-fertilised 
flowers yielded seeds as . , • * . , . , 

Gesnkria PKNDUUNA— crossed and self-fertilised flowers 

yielded seeds as (by weight) 

Salvia coccinea — crossed and self-fertilised flowers yieldedl 

seeds as (about) 

Brassica oleracev — (C rossed and self-fertilised flowers 

yielded seeds as .... 

EsCHSCiroLTZiA CALTFORNiCA*- (English stock) crossed and I 
self-fertilised flowers yielded seeds as (by weight) , , j 

Eschscmoltzia oalifoenica — (Brazilian stock grown in| 
England) crossed and self-fertilised flowers yielded seeds >| 

(by weight) as (About) Jj 

Delphinium cxinsolida — crossed and self-fertilised flowers) 
^(^clf-fertilised capsules spontaneously produced, but result} 
sttppoHed by other evidence) yielded seeds as , , . , ) 


100 to 100 
„ 79 
„ U 
» 67? 
„ 100 
„ 100 
» 25 
V 71 
^ „ 15 

•» «9 59 
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Table F — continued. 

VisCARiA OCULATA — crossed and self-fertilised flowers’ll 

yielded seeds as (by weight) . /| 

VisCAttiA OCULATA — crossed and seif-fertilised flowers 
(crossed capules compared on following year with spon- 
taneously self-fertilised capsules) yielded seeds as , 
Diantwus CARVOPhyllus— crossed and self-fertilised flowers 

yielded seeds as 

Tkopax)LUM minus — crossed and self-fertilised flowersij 

yielded seeds as /I 

Tbopajolum tuicolorum* — crossed and self-fertilised 1 

flowers yielded seeds as ) \ 

Limnanthks douglasii — crossed and self- fertilised flowers! i 

yielded seeds as (about) / 

Sauotuamnus scopari us— crossed and self-fertilised flowers! 

yielded seeds as ) 

Ononis minutissima — crossed and self-fertilised flowers! 

yielded seeds as / 

OuPHEA PURPUREA — crossed and self-fertilised flowers! 

yielded seeds as /; 

Passiflora gracilis — crossed and self-fertilised flowers! 
yielded seeds as ........... ./j 

Specularia speculum — crossed and self-fertilised flowers! 

yielded seeds as / 

Lobelia FULGENS — crossed and self-fertilised flowers yielded! 

seeds as (about) ^ / 

Nemophila INSIGNIS — crossed and se]f-fertilih.ed flowers! 

yielded seeds as (by weight) / 

Borago officinalis — crossed and self-fertilised flowers! 

yielded seeds as ... / 

Nolana prostrata — crossed and self-fertilised flowers! 

yielded seeds as / 

Petunia violacea — crossed and self-fertilised flowers! 

yielded seeds as (by weight) / 

KioOTIAna tabacum — crossed and self-fertilised flowers!! 

yielded seeds as (by -weight) • • jl 

CyciiAMEN PER8ICUM — crossed and self-fertilised flowers! 

yielded seeds as . .J 

Anagallis coluna — crossed and self-fertilised flowei-s! 

yielded seeds as * •} 

Canna Waescewiczi — crossed and self-fertilised flowers (on j 
three generations of crossed and self-fertilisea plants taken > 
all together) yielded seeds as , , ) 


100 to 38 

»» »» 

„ „ 92 
„ „ 11 -^ 
„ » 300 

41 
65 
113 
85 
„ 72 

M „ 100 

„ 60 

„ » 60 
„ 1U0 
»» 67 

V »» 150 


»» 

fy 

j» yy 

?’ yy 


yy yy 


38 

96 

85 


* Tropeeolum trioolorum and 
Cuphea purpurea liave been intro- 
duced into this table, although 
Beedlings were not raised from 
them ; out of the Cuphea only 
sjbe crossed and six self-ferti- 
lised capsules, and of the Tropas- 


olum only six crossed and eleven 
self-fertilised capsules, were com- 
pared. A larger proportion of 
the self-fertilised than of the 
crossed flowers of the Tropawhim 
produced fniit, 

y 2 
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A second table, G, gives the relative fertility of 
flowers on crossed plants again cross-fertilised, and of 
flowers on self-fertilised plants again self-fertilised, 
either in the first or in a later generation. Here two 
causes combine to diminish the fertility of the self- 
fertilised flowers ; namely, the lesser eflicacy of pollen 
from the same flower, and the innate lessened fertility 
of plants derived from self-fertilised seeds, which as we 
have seen in the previous Table I) is strongly marked. 
The fertility was determined in the same manner as 
in Table F, that is, by the average number of seeds per 
capsule ; and the same remarks as before, with resj)ect 
to the different proportion of flowers which set capsules 
when they are cross-fertilised and self-fertilised, are 
here likewise applicable. 


Table G. — Belative Fertility of Flowers on Crossed and Sdf^ 
fertilised Plants of the First or some succeeding Qeveration j the 
former being again fertilised with Pollen froyn a distinct Plants 
and the latter again with their own Pollen. Fertility judged 
of hy the average Number of Seeds per Capsule. Fertility of 
Crossed Flowers taken as 100. 


IrOMCEA PURPUREA — crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 1st generation > 

yielded seeds as 

JpOMacA PURPUREA — Crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 3rd generation^ 

yielded seeds as 

iPOauEA PURI'UREA— crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 4th generation)! 

yielded seeds as 

Ipomosa purpurea — crossed and self-fertilised flowers on 
the crossed and sell-fertilised plants of the 5th generation ■ 

yielded seeds as 

MTMU1..U8 LUTEUS — crossed and self-fertilised flowers on the 
crossed and self-fertilised plants of the 3rd generation 
yielded seeds as (by weight) ........ 

Mimulus LUTEUS — same plants treated in the same manuerl 
on following year yielded seeds as (by weight) . . . | 

MiKULUfl LUTEUS — cro8se<i and self-fertilised flowers on the 
crossed and self-fertilised plants of the 4th generation) 
yielded seeds as (by weight) 


100 to 93 
» » 9 ^ 
„ „ 94 
„ 1 , 107 
» It 05 

>» j' 

» 1 , 40 
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Tabls Q — continued. 


Viola tbioqlor — crossed and self-fertilised flowers on the 
crossed and self-fertilised plants of the 1st generation > 

yielded seeds as 

Diantiiosoaryophyllus — crossed and self-fertilised flowers 
on the crossed and self-fertilised plants of the 1st genera- > 

tion yielded seeds as , 

Diantuus CABYOPIIYLLU8 — flowcrs on self-fertilised jdants 
of the 3rd generation crossed by intercrossed plants, and - 
other flowers again self-fertilised yielded seeds as , . 

Dianthus CARYOPHYLLUs— flowers on self-fertilised plants 
of the 3rd generation crossed by a fresh stock, and other 
flowers again self-fertilised yielded seeds as ... . 

Lathyrus ODORATUB — crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 1st generation ‘ 

yielded seeds as 

Lobelia ramosa — crossed and self-fertilised flowers on the 
crossed an<l self-fertilised plants of the 1st generation 

yielded seeds as (by weight) 

Petunia violacea — crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 1st generation 

yielded seeds as (by weight) 

Petunia violacea — crossed and self-fertilised flowers on 
the crossed and self-fertilised plants of the 4-th generation 

yielded seeds as (by weight) 

Petunia violacea — flouers on .self-fertilised j)lauts of the 
4th generation crossed by a fresh stock, and other flowers > 
again self-fertilised yielded seeds as (by w'eight) . 
Nicotiana tabacum— crossed and self-fertilised flowers on 
the cros.sed and self-fertilised plants of the 1st generation > 

yielded seeds as (by weight) 

Nicotiana tabacum— flowers on self-fertilised plants ofj 
the 2nd generation crossed by intercrossed plants, and I 
other flowers again self-fertilised yielded seeds as (by es-j 

timation) j 

Nicotiana tabacum — flowers on self-fertilised plants of 
the 3rd generation crossed by a fresh stock, and other 
flowers again self-fertilised yielded seeds as (by estimation) 
An AG ALLIS COLLIN a — flowors on a red variety crossed by a 
blue variety, and other flowers on the red variety self- 

fertilised yielded seeds as 

Canna WARSCEW1C2I — crossed and self-fertilised flowors on 
the crossed and self-fertilised plants of three generations 
taken together yielded seeds as 


100 to 

i 

‘i »> ?> 

I 

i 

’I >» »» 

“ » ♦» 

I 

1 

I 

^ 19 19 

’ 19 91 

1 

19 99 

99 99 

' 99 91 

\ 

* 11 11 

\ 

I 

I 91 91 

I 99 99 


69 


65 


97 


127 


65 

60 

68 

72 

48 

97 

110 

110 

48 


85 


As both those tables relate to the fertility of 
flowers fertilised by pollen from another plant and by 
their own pollen, they may be considered together. 
The difference between them consists in the self- 
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fertilised flowers in the second table, G, being 
produced by self-fertilised parents, and the crossed 
flowers by crossed parents, which in the later generations 
had become somewhat closely inter-related, and had 
been subjected all the time to nearly the same condi- 
tions. These two tables include fifty cases relating to 
thirty-two species. The flowers on many other species 
were crossed and self-fertilised, but as only a few were 
thus treated, the results cannot be trusted, as far as fer- 
tility is concerned, and are not here given. Some other 
cases have been rejected, as the plants were in an 
unhealthy condition. If we look to the figures in tlie 
two tables expressing the ratios between the mean 
relative fertility of the crossed and self-fertilised 
flowers, we see that in a majority of the cases (i.e., 
in thirty-five out of fifty) flowers fertilised by pollen 
from a distinct plant yield more, sometimes many more, 
seeds than flowers fertilised with their own pollen ; and 
they commonly set a larger proportion of capsules. The 
degree of infertility of the self-fertilised flowers differs 
extremely in the different species, and even, as we 
shall see in the section on self-sterile plants, in the 
individuals of the same species, as well as under 
slightly changed conditions of life. Their fertility 
ranges from zero to fertility equalling that of the 
crossed flowers ; and of this fact no explanation can 
be offered. There are fifteen cases in the two tables 
in which the nuriber of seeds per capsule produced by 
the self-fertilised flowers equals or even exceeds that 
yielded by the crossed flowers. Some few of these 
cases are, I believe, accidental; that is, would not 
recur on a second trial. This was apparently the 
case with the plants of the fifth generation of Ipomoea, 
afld in one of the experiments with Dianthus. 
Nicotiana offers the most anomalous case of any, 
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as the self-fertili^ flowers on the parent-plants, and 
on their descendants of the second and third genera- 
tions, produced more seeds than did the crossed 
flowers ; bpt we shall recur to this case when: we treat 
of highly self-fertile varieties. 

It might have been expected that the difierence in 
fertility between the crossed and self-fertilised flowers 
would have been more strongly marked in Table G, in 
which the plants of one set were derived from self- 
fertilised parents, than in Table F, in which flowers on 
the parent-plants were self-fertilised for the first time. 
But this is not the case, as far as jny scanty materials 
allow of any judgment. There is therefore no evi- 
dence at present, that the fertility of plants goes on 
diminishing in successive self-fertilised generations, 
although there is some rather weak evidence that 
this does occur with respect to their height or growth. 
But we should bear in mind that in the later genera- 
tions the crossed plants had become more or less closely 
inter-related, and had been subjected all the time to 
nearly uniform conditions. 

It is remarkable that there is no close correspondence, 
either in the parent-plants or in the successive genera- 
tions, between the relative number of seeds produced 
by the crossed and self-fertilised flowers, and the 
relative powers of growth of the seedlings raised from 
such seeds. Thus, the crossed and self-fertilised 
flowers on the parent-plants of Ipomoea, Gesneria, 
Salvia, Limnanthes, Lobelia fulgenSy and Nolana pro- 
duced a nearly equal number of seeds, yet the plants 
raised from the crossed seeds exceeded considerably in 
height those raised from the self-fertilised seeds. 
The crossed flowers of Linaria and Viscaria yielded 
far more seeds than the self-fertilised flowers j and 
although the plants raised from the former were taller 
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than those from the latter, they were not so in any 
corresponding degree. With Nicotiana the flowers 
fertilised with their own pollen were more productive 
than those crossed with pollen from a slightly different 
variety ; yet the plants mised from the latter seeds 
were much taller, heavier, and more hardy than those 
raised from the self-fertilised seeds. On the other 
hand, the crossed seedlings of Eschscholtzia were 
neither taller nor heavier than the self-fertilisel, 
although the crossed flowers were far more productive 
than the self-fertilised. But tlie best evidence of a 
want of correspondence between the number of seeds 
produced by crossed and self-fertilised flowers, and 
the vigour of the ofi*spring raised from them, is afforded 
by tlie plants of the Brazilian and European stocks 
of Eschscholtzia, and likewise by certain individual 
plants of Iteseda odorata ; for it might have been ex- 
pected that the seedlings from plants, the flowers of 
whi(^h were excessively self-sterile, would have profited 
in a greater degree by a cross, than the seedlings from 
plants which were moderately or fully self-fertile, and 
therefore apparently had no need to be crossed. But 
no such result followed in either case: for instance, 
the crossed and self-fertilised offspring from a highly 
self-fertile plant of Eenada odorata were in average 
height to each other as 100 to 82 ; whereas the similar 
offspring from an excessively self-sterile plant were as 
100 to 92 in average height. 

With respect to the innate fertility of the plants 
of crossed and self-fertilised parentage, given in the 
previous Table D — that is, the number of seeds pro- 
duced by both lots when their flowers were fertilised 
in the same manner, — nearly the same remai'ks are 
applicable, in reference to the absence of any close 
correspondence between their fertility and powers of 
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growtii, as in the case of the plants in the Tables F 
and G, just considered. Thus the crossed and self-fer- 
tilised plants of Ipomoea, Papaver, Reseda odorata^ and 
Limnanthes were almost equally fertile, yet the former 
exceeded considerably in height the self-fertilised 
plants. On the other hand, the crossed and self-fer- 
tilised plants of Mimulus and Primula difiered to an 
extreme degree in innate fertility, but by no means to 
a corresponding degree in height or vigour. 

In all the cases of self-fertilised flowers included in 
Tables E, F, and G, these were fertilised with their 
own pollen ; but there is another form of self-fertilisa- 
tion, viz., by pollen from other flowers on the same 
plant; but this latter method made no difference in 
comparison with the former in the number of seeds 
produced, or only a slight difference. Neither with 
Digitalis nor Dianthus were more seeds produced by 
the one method than by the other, to any trustworthy 
degree. With Ipomoea rather more seeds, in the pro- 
portion of 100 to 91, were produced from a cross 
between flowers on the same plant than from strictly 
self-fertilised flowers ; but I have reason to suspect that 
the result was accidental. With Origanum vulgare^ 
however, a cross between flowers on plants propagated 
by stolons from the same stock certainly increased 
slightly their fertility. This likewise occurred, as we 
shall see in the next section, with Eschscholtzia, 
perhaps with Corydalis cava and Oncidium ; but not 
so with Bignonia, Abutilon, Tabernsemontana, Senecio, 
and apparently Reseda odorata. 

Self-sterile Plants, 

The cases here to be described might have been 
introduced in Table F, which gives the relative fer- 
tility of flowers fertilised with their own pollen, and 
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with that from a distinct plant ; but it has been found 
more convenient to keep them for separate discussion* 
The present cases must not be confounded with those 
to be given in the next chapter relatively to flowers 
which are sterile when insects are excluded ; for such 
sterility depends not merely on the flowers being 
incapable of fertilisation with their own pollen, but on 
mechanical causes, by which their pollen is prevented 
from reaching the stigma, or on the pollen and stigma 
of the same flower being matured at different periods. 

In the seventeenth chapter of my ‘Variation of 
Animals and Plants under Domestication ’I had occasion 
to enter fully on the present subject ; and I will there- 
fore here give only a brief abstract of the cases there 
described, but others must be added, as they have an 
important bearing on the present work. Kolreuter 
long ago described plants of Verhascum phoeniceum 
which during two years w'ere sterile with their own 
pollen, but were easily fertilised by that of four other 
species ; these plants however afterwards became more 
or less self-fertile in a strangely fluctuating manner. 
Mr. Scott also found that this species, as well as two of 
its varieties, w'ere self-sterile, as did Gartner in the 
case of Verbaseum nigrum. So it was, according to 
this latter author, with two plants of Lobelia fulgens, 
though the pollen and ovules of both were in an 
efficient state in relation to other species. Five species 
of Passiflora and certain individuals of a sixth species 
have been found sterile with their own poUen; but slight 
changes in their conditions, such as being grafted on 
another stock or a change of temperature, rendered 
them self-fertile. Flowers on a completely self-im- 
potent plant of Pasdjlora (data fertilised with pollen 
from its own self-impotent seedlings were quite fertile* 
Mr. Scott, and afterwards Mr. Munro, found that some 
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species of Oncidium and of Maxillaria cultivated in a 
hothouse in Edinburgh were quite sterile with their 
own pollen ; and Fritz Muller found this to be the 
case with a large number of Orchidaceous genera 
growing in their native home of South Brazil.^ He 
also discovered that the pollen-masses of some orchids 
acted on their own stigmas like a poison; and it 
appears that Gartner formerly observed indications of 
this extraordinary fact in the case of some other 
plants. 

Fritz Muller also states that a species of Bignonia 
and Tahernsemontana echinata are both sterile with 
their own pollen in their native country of Brazil, t 
Several Amaryllidaceous and Liliaceous plants are in 
the same predicament. Hildebrand observed with care 
Corydalis cava, and found it completely self-sterile ;t 
but according to Caspary a few self-fertilised seeds 
are occasionally produced: Corydalis haUeri is only 
slightly self-sterile, and C. intermedia not at all so. § 
In another Fumariaceous genus, Hypecoum, Hildebrand 
observed U that If. grandijlorum was highly self-sterile, 
whilst H,procumhens was fairly self-fertile. Thuribergia 
alata kept by me in a warm greenhouse was self-sterile 
early in the season, but at a later period produced 
many spontaneously self-fertilised fruits. So it was 
with Papaver vagum : another species, P. alpinvm, was 
found by Professor H. Hoffmann to be quite self- 
sterile excepting on one occasion; IF whilst P. somni^ 
ferum has been with me always completely self-fertile. 

EschschoUzia calif ornica. — This species deserves a 
fuller consideration. A plant cultivated by Fritz 

* ‘ Bot. Zeitung,’ 1868, p. 114. § ‘ Bot. Zeitung/ June 27, 1873. 

t Ibid. 1868, p. 626, and 1870, |1 * Jabrb. fur wiaa, Botanik,* 

p, 274. B. vii. p. 464. 

} ♦ Report of tbo International If * Zur Specieefrago/ 1875, 
Ilort. CongrOBs,* 1866. p. 47. 
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Muller in South Brazil happened to flower a month before 
any of the others, and it did not produce a single 
capsule. This led him to make further observations 
during the next six generations, and he found that all 
his plants were completely sterile, unless they were 
crossed by insects or were artificially fertilised with 
pollen from a distinct plant, in which case they were 
completely fertile.* I was much surprised at this fact, 
as I had found that English plants, w^heii covered by 
a net, set a considerable number of capsules ; and that 
these contained seeds by weight, compared with those 
on plants intercrossed by the bees, as 71 to 100. 
Professor Hildebrand, however, found this species 
much more self-sterile in Germany than it was with 
me in England, for the capsules produced by self- 
fertilised flowers, compared with those from intercrossed 
flowers, contained seeds in the ratio of only 11 to 100. 
At my request Fritz Muller sent me from Brazil seeds 
of his self-sterile plants, from which I raised seedlings. 
Two of these were covered with a net, and one produced 
spontaneously only a single capsule containing no good 
seeds, but yet, when artificially fertilised with its own 
pollen, produced a few capsules. The other plant pro- 
duced spontaneously under the net eight capsules, one 
of which contained no less than thirty seeds, and on 
an average-about ten seeds per capsule. Eight flowers 
on these two plants were artificially self-fertilised, and 
produced seven capsules, containing on an average 
twelve seeds ; eight other flowers were fertilised with 
pollen from a distinct plant of the Brazilian stock, and 
produced eight capsules, containing on an average 
about eighty seeds : this gives a ratio of 15 seeds for 
the self-fertilised capsules to 100 for the crossed 


* Bot Zeitung/ 1868, p. 115, und 1869, p. 223. 



OnAP. IX. 


SELF-STERILE PLANTS. 


333 


capsules. Later in the season twelve other flowers on 
these two plants were artificially self-fertilised ; but 
they yielded only two capsules, containing three and 
six seeds. It appears therefore that a lower tem- 
perature than that of Brazil favours the seK-fertility 
of this plant, whilst a still lower temperature lessens it. 
As soon as the two plants which had been covered by 
the net were uncovered, they were visited by many 
bees, and it was interesting to observe how quickly 
they became, even the more sterile plant of the two, 
covered with young capsules. On the following year 
eight flowers on plants of the Brazilian stock of self- 
fertilised parentage (i.e., grandchildren of the plants 
which grew in Brazil) were again self-fertilised, and 
produced five capsules, containing on an average 27*4 
seeds, with a maximum in one of forty-two seeds ; so 
that their self-fertility had evidently increased greatly 
by being reared for two generations in England. On 
the whole we may conclude that plants of the Brazilian 
stock are much more self-fertile in this country than 
in Brazil, and less so than plants of the English stock 
in England ; so that the plants of Brazilian parentage 
retained by inheritance some of their former sexual 
constitution. Conversely, seeds from English plants 
sent by me to Fritz Muller and grown in Brazil, were 
mucli more self-fertile than his plants which had been 
cultivated there for several generations ; but he informs 
me that one of the plants of English parentage which 
did not flower the first year, and was thus exposed for 
two seasons to the climate of Brazil, proved quite self- 
sterile, like a Brazilian plant, showing how quickly 
the climate had acted on its sexual constitution. 

Abuiilon darwinii , — Seeds of this plant were sent 
me by Fritz Muller, who found it, as well as some 
other species of the same genus, quite sterile in its 
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native home of South Brazil, unless fertilised witli 
pollen from a distinct plant, either artificially or 
naturally by humming-birds.* Several plants were 
raised from these seeds and kept in the hothouse. 
They produced flowers very early in the spring, and 
twenty of them were fertilised, some with pollen from 
the same flower, and some with pollen from other 
flowers on the same plants ; but not a single capsule 
was thus produced, yet the stigmas twenty-seven hours 
after the application of the pollen were penetrated by 
the pollen-tubes. At the same time nineteen flowers 
were crossed with pollen from a distinct plant, and 
these produced thirteen capsules, all abounding with 
fine seeds. A greater number of capsules would have 
been produced by the cross, had not some of the nine- 
teen flowers been on a plant which was afterwards 
proved to be from some unknown cause completely 
sterile with pollen of any kind. Thus far these plants 
behaved exactly like those in Brazil ; but later in the 
season, in the latter part of May and in June, they 
began to produce under a net a few spontaneously 
self-fertilised capsules. As soon as this occurred, 
sixteen flowers were fertilised with their own pollen, 
and these produced five capsules, containing on an 
average 3*4 seeds. At the same time I selected by 
chance four capsules from the uncovered plants grow- 
ing close by, the flowers of which I had seen visited 
by humble-bees, and these contained on an average 
21*5 seeds; so that the seeds in the naturally inter- 
crossed capsules to those in the self-fertilised capsules 
were as 100 to 16. The interesting point in this case 
is that these plants, which were unnaturally treated 
by being grown in jwts in a hothouse, under another 

» ‘ J6naiflch^ Edtijchr. fiir NatuiwijbS.* B. vii 1872, p. 22, and 1873, 
I>. Uh 
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hemisphere, with a complete reversal of the seasons, 
were thus rendered slightly self-fertile, whereas they 
seem always to be completely self-sterile in their 
native home. 

Senecio cruentus {greenhouse varieties, commonly 
called Cinerarias, prohahly derived from several fruticose 
or herbaceous species much intercrossed'*^), — Two purple- 
flowered varieties were placed under a net in the 
greenhouse, and four corymbs on each were re- 
peatedly brushed with flowers from the other plant, 
so that their stigmas were well covered with each 
other’s pollen. Two of the eight corymbs thus treated 
produced very few seeds, but the other six produced 
on an average 41 * 3 seeds per corymb, and these ger- 
minated well. The stigmas on four other corymbs on 
both plants were well smeared with pollen from the 
flowers on their own corymbs; these eight corymbs 
produced altogether ten extremely poor seeds, which 
proved incapable of germinating. I examined many 
flowers on both plants, and found the stigmas sponta- 
neously covered with pollen ; but they produced not a 
single seed. These plants were afterwards left un- 
covered in the same house where many other Cinerarias 
were in flower ; and the flowers were frequently visited 
by bees. They then produced plenty of seed, but one 
of the two plants less than the other, as this species 
shows some tendency to be dioecious. 

The trial was repeated on another variety with 
white petals tipped with red. Many stigmas on two 
corymbs were covered with pollen from the foregoing 
purple variety, and these produced eleven and twenty- 

* I am mtic5h obliged to Mr. liovea that Senecio eruentus, 
Mooro and to Mr. Tbiselton D^er silagini$, and perha^ heHtieri, 
for giving me information with ma^enm and popuiifolius have 
respect to the varieties on which all been more or less blended to- 
I experimented, Mr. Moore be> getherinourCinerBiias. 
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two seeds, which germinated well. A large number of 
the stigmas on several of the other corymbs were re- 
peatedly smeared with pollen from their own corymb ; 
but they yielded only five very poor seeds, which were 
incapable of germination. Therefore the above three 
plants belonging to tw^o varieties, though growing 
vigorously and fertile with pollen from either of the 
other two plants, were utterly sterile with pollen from 
other flowers on the same plant. 

Reseda odorata , — Having observed that certain in- 
dividuals were self-sterile, I covered during the 
summer of 1868 seven plants under separate nets, and 
will call these plants A, B, 0, D, E, F, Gr. They all 
appeared to be quite sterile with their own pollen, 
but fertile with that of any other plant. 

Fourteen flow’ers on A were crossed with pollen 
from B or C, and produced thirteen fine capsules. 
Sixteen flowers were fertilised with pollen from other 
flowers on the same plant, but yielded not a single 
capsule. 

Fourteen flowers on B were crossed with pollen 
from A, C, or D, and all produced capsules ; some of 
these were not very fine, yet they contained plenty ol 
seeds. Eighteen flowers were fertilised with pollen 
from other flowers on the same plant, and produced 
not one capsule. 

Ten flowers on 0 were crossed with pollen from A, 
B, D, or E, and produced nine fine capsules. Nineteen 
flowers were fertilised with pollen from other flow^ers 
on the same plant, and produced no capsules. 

Ten flowers on D were crossed with pollen from 
A, B, C, or E, and produced nine fine capsules. 
Eighteen flowers were fertilised with pollen from other 
flowers on the same plant, and produced no capsules. 

Seven flowers on E were crossed with pollen from 
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A, C, or D, and all produced fine capsules. Eight 
flowers were fertilised with pollen from other flowers 
on the same plant, and produced no capsules. 

On the plants F and G no flowers were crossed, but 
very many (number not recorded) were fertilised with 
pollen from other flowers on the same plants, and these 
did not produce a single capsule. 

We thus see that fifty-five flowers on five of the 
above plants were reciprocally crossed in various ways ; 
several flowers on each of these plants being ferti- 
lised with pollen from several of the other plants. 
Those fifty-five flowers produced fifty-two capsules, 
almost all of which were of full size and contained 
an abundance of seeds. On the other hand, seventy- 
nine flowers (besides many others not recorded) were 
fertilised with pollen from other flowers on the same 
plants, and these did not produce a single capsule. 
In one case in which I examined the stigmas of the 
flowers fertilised with their own pollen, these were 
penetrated by the pollen-tubes, although such pene- 
tration produced no effect. Pollen falls generally, 
and I believe always, from the anthers on the stigmas 
of the same flower; yet only three out of the 
above seven protected plants produced spontaneously 
any capsules, and these it might have been thought 
must have been self-fertilised. There were altogether 
seven such capsules ; but as they were all seated close 
to the artificially crossed flowers, I can hardly doubt 
that a few grains of foreign pollen had accidentally 
fallen on their stigmas. Besides the above seven 
plants, four others were kept covered under the same 
large net; and some of these produced here and 
there in the most capricious manner little groups 
of capsules ; and this makes me believe that a bee, 
many of which settled on the outside of the net, being 

z 
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attracted by the odour, had on some one occasion 
found an entrance, and had intercrossed a few of the 
flowers. 

In the spring of 1869 four plants raised from fresh 
seeds were carefully protected under separate nets; 
and now the result was widely different to what it was 
before. Three of these protected plants became actually 
loaded with capsules, especially during the- early part 
of the summer ; and this fact indicates that tempera- 
ture produces some effect, but the experiment given 
in the following paragraph shows that the innate con- 
stitution of the plant is a far more important element. 
The fourth plant produced only a few capsules, many 
of them of small size ; yet it was far more self-fertile 
than any of the seven plants tried during the previous 
vear. The flowers on four small branches of this 
senii-self-storile plant were smeared with pollen from 
one of the other plants, and they all produced fine 
capsules. 

As I was much surprised at the difference in the 
results of the trials made during the two previous 
years, six fresh plants wx‘ro protected by separate nets 
in the year 1870. Two of these proved almost com- 
pletely self-sterile, for on carefully searching them I 
found only three small capsules, each containing either 
one or two seeds of small size, which, howTn^er, ger- 
minated. A few flowers on both these plants were 
reciprocally fertilised with each other’s i)ollen, and 
a few with pollen from one of the following self- 
fertile plants, and all these flowers produced fine 
capsules. The four other plants whilst still remaining 
protected beneath the nets presented a wonderful 
contrast (though one of them in a somewhat less 
degree than the others), for they became actually 
covered with spontaneously self-fertilised capsules, as 
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numerous as, or very nearly so, and as fine as those 
on the unprotected plants growing near. 

The al)ove three spontaneously self-fertilised cap- 
sules produced hy the two almost completely self- 
sterile plants, contained altogether five seeds ; and 
from these I raised in the following year (1871) five 
plants, which were kept under separate nets. They 
grew to an extraordinarily large size, and on August 
29th were examined. At first sight they appeared 
entirely destitute of capsules ; hut on carefully search- 
ing their many hranches, two or three capsules were 
found on three of the plants, half-a-dozen on the 
fourth, and about eighteen on the fifth plant. But all 
these capsules were small, some being empty; the 
greater number contained only a single seed, and very 
rarely more than one. After this examination the 
nets were taken off, and the bees immediately carried 
pollen from one of these almost self-sterile plants 
to the other, for no other plants grew near. After a 
few weeks the ends of the branches on all five plants 
became covered with capsules, presenting a curious 
contrast with the lower and naked parts of the same 
long branches. These five plants therefore inherited 
almost exactly the same sexual constitution as their 
parents ; and without doubt a self-sterile race of 
Mignonette could have been easily established. 

Reseda lutea . — Plants of this species were raised 
from seeds gathered from a group of wild plants grow- 
ing at no great distance from my garden. After 
casually observing that some of these plants were self- 
sterile, two plants taken by hazard were protected 
under separate nets. One of these soon became 
covered with six)ntaneously self-fertilised capsules, as 
numerous as those on the surrounding unprotected 
plants; so that it was evidently quite self-fertile. 

z 2 
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The other plant was partially self-sterile, producing 
very few capsules, many of which were of small 
size. When, however, this plant had grown tall, 
the uppermost branches became pressed against the 
net and grew crooked, and in this position the bees 
were able to suck the flowers through the meshes, and 
brought pollen to them from the neighbouring plants. 
These branches then became loaded with capsules; 
the other and lower branches remaining almost bare. 
The sexual constitution of this species is therefore 
similar to that of Beseda odorata. 

Concluding Bemarhs on self -sterile Plants. 

In order to favour as far as possible the self-fer- 
tilisation of some of the foregoing plants, all the 
flowers on Beseda odorata and some of those on the 
Abutilon were fertilised with pollen from other 
flowers on the same plant, instead of with their own 
pollen, and in the case of the Senecio with pollen from 
other flowers on the same corymb ; but this made no 
difference in the result. Fritz Muller tried both kinds 
of self-fertilisation in the case of Bignonia, Tabernee- 
montana and Abutilon, likewise with no difference in 
the result. With Eschscholtzia, however, he found 
that pollen from other flowers on the same plant 
was a little more effective than pollen from the 
same flower. So did Hildebrand"^ in Germany; as 
thirteen out of fourteen flowers of Eschscholtzia thus 
fertilised set capsules, these containing on an average 
9 * 6 seeds ; whereas only fourteen flowers out of twenty- 
one fertilised with their own pollen set capsules, 
these containing on an average 9 * 0 seeds. Hildebrand 


• • Pringsheim’s Jahrbuch. fiir wies. Botanik,' vii. p. 467. 
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found a trace of a similar difference with Corydalis 
cava, as did Fritz Muller with an Oncidium.* 

In considering the several cases above given of 
complete or almost complete self-sterility, we are first 
struck with their wide distribution throughout the 
vegetable kingdom. Their number is not at present 
large, for they can be discovered only by protecting 
plants from insects and then fertilising them with 
pollen from another plant of the same species and with 
their own pollen ; and the latter must be proved to 
be in an efficient state by other trials. Unless all 
this be done, it is impossible to know whether their 
self-sterility may not be due to the male or female 
reproductive organs, or to both, having been affected 
by changed conditions of life. As in the course of my 
experiments I have found three new cases, and as Fritz 
Muller has observed indications of several others, it is 
probable that they will hereafter be proved to be far 
from rare.f 

As with plants of the same species and parentage, 
some individuals are self-sterile and others self-fertile, 
of which fact Reseda odorata offers the most striking 
instances, it is not at all surprising that species of 
the same genus differ in this same manner. Thus 
Verhascum pJweniceum and nigrum are self-sterile, whilst 
F. thapsus and lychnitis are quite self-fertile, as I 
know by trial. There is the same difference between 
some of the species of Papaver, Corydalis, and of other 
genera. Nevertheless, the tendency to self-sterility 
certainly runs to a certain extent in groups, as we see 

* * Var, under Dom/ ohap. auratum, Impatiem pallida and 
xvU. 2nd edit. vol. ii. pp. 113-115. cannot be fertilised with 

t Mr. Wilder, the editor of a their own j[)ollea. Rimpan shows 
horticultural lournal in the IT. that rye is probably sterile with 
Biates (quoted in * Gard. Ohron,* its own pollen, 

186$, p. 1286) states that Lilium 
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in the genus Passiflora, and with the Vandeae amongst 
Orchids. 

Self-sterility differs much in degree ill different 
plants. In those extraordinary cases in which pollen 
from the same flower acts on the stigma like a poison, 
it is almost certain that the plants would never yield a 
single self-fertilised seed. Other i)liints, like Corydalis 
cava, occasionally, though very rarely, produce a few 
self-fertilised seeds. A large number of species, as 
may be seen in Table F, are less fertile with their own 
pollen than wdth that from another plant; and lastly, 
some species are perfectly self-fertile. Even with the 
individuals of the same species, as just remarked, 
some are utterly self-sterile, others moderately so, and 
some perfectly self-fertile. The cause, w hatever it may 
be, which renders many plants more or less, sterile 
with their own pollen, that is, when they are self- 
fertilised, must be different, at least to a certain extent, 
from that which determines the difference in height, 
vigour, and fertility of the seedlings raised from self- 
fertilised and crossed seeds; for we have already 
seen that the two classes of cases do not by any means 
run parallel. This want of j)arallelism would be 
intelligible, if it could be shown that self-sterility 
depended solely on the incapacity . of the pollen-tubes 
to penetrate the stigma of the same flower deeply 
enough to reach the ovules ; whilst the greater or less 
vigoroi^ growth of die seedlings no doubt depends on 
the nature^ of the contents of the pollen-grains and 
ovules. Now it is certain that with some plants the 
stigmatic secretioh does not properly excite the pollen- 
grains, so that the tubes are not properly developed, 
if the pollen is taken from the same flower. This is 
the case according to Fritz Muller with Eschscholtzia, 
for he found that the pollen-tubes did not penetrate 
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the stigma deeply f and with the Orchidaceous genus 
Notylia they failed altogether to penetrate it. 

With dimorphic and trimorphic species, an illegiti- 
mate union between plants of the same form presents 
a close analogy with self-fertilisation, whilst a legi- 
timate union closely resembles cross-fertilisation; and 
here again the lessened fertility or complete sterility of 
an illegitimate union depends, at least in part, on the 
incapacity for interaction between the pollen-grains 
and stigma. Thus with Linum grandiflorum, as I 
have elsewhere showm,t not more than two or three 
out of hundreds of pollen-grains, either of the long- 
styled or short-styled form, when placed on the 
stigma of their own form, emit tlieir tubes, and 
these do not penetrate deeply; nor does the stigma 
itself change colour, as occurs when it is legitimately 
fertilised. 

On the other hand the difference in innate fertility, 
as well as in growth between plants raised from crossed 
and self-fertilised seeds, and the difference in fertility 
and grow^th between the legitimate and illegitimate 
offspring of dimorphic and trimorphic plants, must 
depend on some incompatibility between the sexual 
elements contained within the pollen-grains and ovules, 
as it is through their union that new organisms are 
developed. 

If we now turn to the more immediate cause of 
self-sterility, we clearly see that in most cases it is de- 
termined by the conditions to which the plants have 
been subjected. Thus Eschscholtzia is completely self- 
sterile in the hot climate of Brazil, but is perfectly 
fertile there with the pollen of any other individual. 
The offspring of Brazilian plants became in England 

* ‘Bot. Zeitung/ 1868, pp. 114, t ‘The Different Fonn* of 
115. Flowew,’ &c.» p. 87 
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in a single generation partially self-fertile, and still 
more so in the second generation. Conversely, the 
offspring of English plants, after growing for two 
seasons in Brazil, became in the first generation quite 
self-sterile. Again, Ahutilon darwinii, which is self- 
sterile in its native home of Brazil, became mode- 
rately self-fertile in a single generation in an English 
hothouse. Some other plants are self-sterile during the 
early part of the year, and later in the season become 
seK-fertile. Passijlora dlata lost its self-sterility when 
grafted on another species. With Reseda, however, 
in which some individuals of the same parentnge are 
self-sterile and others are self-fertile, we are forced in 
our ignorance to speak of the cause as due to spon- 
taneous variability ; but we should remember that the 
progenitors of these plants, either on the male or 
female side, may have been exposed to somewhat 
different conditions. The power of the environment 
thus to affect so readily and in so peculiar a manner 
the reproductive organs, is a fact which has many 
important bearings; and I have tJierefore thought 
the foregoing details worth giving. For instance, the 
sterility of many animals and plants under changed 
conditions of life, such as confinement, evidently comes 
within the same general principle of the sexual 
system being easily affected by the environment. It 
has already been proved, that a cross between plants 
which have been self-fertilised or intercrossed during 
several generations, having been kept all the time 
under closely similar conditions, does not benefit 
the offspring; and on the other hand, that a cross 
between plants that have been subjected to different 
conditions benefits the offspring to an extraordinary 
degree. We may therefore conclude that some degree 
of differentiation in the sexual system is necessary for 
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the full fertility of the parent-plants and for the full 
vigour of their offspring. It seems also probable that 
with those plants which are capable of complete self- 
fertilisation, the male and female elements and organs 
already differ to an extent sufiScient to excite their 
mutual interaction; but that when such plants are 
taken to another country, and become in consequence 
self-sterile, their sexual elements and organs are so 
acted on as to be rendered too uniform for such inter- 
action, like those of a self-fertilised plant long 
cultivated under the same conditions. Conversely, we 
may further infer that plants which are self-sterile in 
their native country, but become self-fertile under 
changed conditions, have their sexual elements so acted 
on, that they become suflGlciently difierentiated for 
mutual interaction. 

We know that self-fertilised seedlings are inferior in 
many respects to those from a cross ; and as with 
plants in a state of nature pollen from the same 
flower can hardly fail to be often left by insects or by 
the wind on the stigma, it seems at first sight highly 
probable that self-sterility has been gradually acquired 
through natural selection in order to prevent self- 
fertilisation. It is no valid objection to this belief 
that the structure of some flowers, and the dichogamous 
condition of many others, suffice to prevent the pollen 
reaching the stigma of the same flower ; for we should 
remember that with most species many flowers 
expand at the same time, and that pollen from the 
same plant is equally injurious or nearly so as 
that from the same flower. Nevertheless, the belief 
that self-sterility is a quality which has been gradually 
acquired for the special purpose of preventing self- 
fertilisation must, I believe, be rejected. In the 
first place, there is no close correspondence in degree 
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between the sterility of the parent-plants when self- 
fertilised, and the extent to which their offspring suffer 
in rigour by this process; and some such correspm- 
dence might have been expected if self-sterility had 
been acquired on account of the injury caused by self- 
fertilisation. The fact of individuals of the same 
parentage differing greatly in their degree of self- 
sterility is likewise opposed to such a belief ; unless, 
indeed, we suppose that certain individuals have 
been rendered self-sterile to favour intercrossing, 
whilst other individuals have been rendered self- 
fertile to ensure the propagation of the species. The 
fact of self-sterile individuals appearing only occa- 
sionally, as in the case of Lobelia, does not counte- 
nance this latter view. But the strongest argument 
against the belief that self-sterility has been acquired 
to prevent self-fertilisation, is the immediate and 
powerful effect of changed conditions in either causing 
or in removing self-sterility. We are not therefore 
justified in admitting that this peculiar shite of the 
reproductive system has been gradually acquired 
through natural selection ; but we must look at it as 
an incidental result, dependent on the conditions to 
which the plants have been subjected, like the ordinary 
sterility caused in the case of animals by confinement, 
and in the case of plants by too much manure, heat, &c. 
I do not, however, wish to maintain that self-sterility 
may not sometimes bo of service to a plant in preventing 
selMertilisation ; but there are so many other means 
by which this result might be prevented or rendered 
difficult, including as we shall see in the next chapter 
the prepotency of pollen from a distinct individual 
over a plant’s own pollen, that self-sterility seems an 
almost' superfluous acquirement for this purpose. 

Finally, the most interesting point in regard to self- 
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sterile plants is the evidence which they afford of the 
advantage, or rather of the necessity, of some degree or 
kind of differentiation in the sexual elements, in order 
that they should unite and give birth to a new being. 
It w as ascertained that the five plants of Reseda odorata 
wdiieh were selected by chance, could be perfectly 
fertilised by pollen taken from any one of them, but 
not by their own pollen ; and a few additional trials 
were made with some other individuals, which I have 
not thought worth recording. So again, Hildebrand 
and Fritz Muller frequently speak of self-sterile plants 
being fertile with the pollen of any other individual ; 
and if there had been any exceptions to the rule, these 
could hardly have escaped their observation and my 
own. We may therefore confidently assert that a 
self-sterile plant can be fertilised by the pollen of any 
one out of a thousand or ten thousand individuals of 
the same species, but not by its own. Now it is 
obviously impossible that the sexual organs and 
elements of every individual can have been specialised 
with respect to every other individual. But there 
is no difficulty in believing that the sexual elements 
of each differ slightly in the same diversified manner 
as do their external characters ; and it has often been 
remarked that no two individuals are absolutely 
alike. Therefore we can hardly avoid the conclusion, 
that differences of an analogous and indefinite nature 
in the reproductive system are sufficient to excite the 
mutual action of the sexual elements, and that unless 
there be such differentiation fertility fails. 

The appearance of MgUy selffertUe Varieties . — ^We 
have just seen that the degree to which flowers are 
capable of being fertilised with their own pollen differs 
much, both with the species of the same genus, and 
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gometimes with the individuals of the same species. 
Some allied cases of the appearance of varieties which, 
when self-fertilised, yield more seed and produce off- 
spring growing taller than their self-fertilised parents, 
or than the intercrossed plants of the corresponding 
generation, will now be considered. 

Firstly, in the third and fourth generations of 
Mimulus luteuSi a tall variety, often alluded to, 
having large white flowers blotched \nth crimson, 
appeared amongst both the intercrossed and self- 
fertilised plants. It prevailed in all the later self- 
fertilised generations to the exclusion of every other 
variety, and transmitted its characters faithfully, but 
disappeared from the intercrossed plants, owing no 
doubt to their characters being repeatedly blended by 
crossing. The self-fertilised plants belonging to this 
variety were not only taller, but more fertile than the 
intercrossed plants ; though these latter in the earlier 
generations were much taller and more fertile than the 
self-fertilised plants. Thus in the fifth generation the 
self-fertilised plants wero to the intercrossed in height 
as 126 to 100. In the sixth generation they were 
likewise much taller and finer plants, but were not 
actually measured ; they produced capsules compared 
with those on the intercrossed plants, in number, as 147 
to 100 ; and tbe self-fertilised capsules contained a 
greater number of seeds. In the seventh generation 
the self-fertilised plants were to the crossed in height 
as 137 to 100 ; and twenty flowers on these self-fer- 
tilised plants fertilised with their own pollen yielded 
nineteen very fine capsules, — a degree of self-fertility 
which 1 have not seen equalled in any other case. This 
variety seems to have become specially adapted to profit 
in every way by self-fertilisation, although this process 
was so injurious to the parent-plants during the first 
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four generations. It should however be remembered 
that seedlings raised from this variety, when crossed by 
a fresh stock, were wonderfully superior in height and 
fertility to the selMertilised plants of the corresponding 
generation. 

Secondly, in the sixth self-fertilised generation of 
Ipoma3a a single plant named the Hero appeared, which 
exceeded by a little in height its intercrossed opponent, 
— a case which had not occurred in any previous 
generation. Hero transmitted the peculiar colour of 
its flowers, as well as its increased tallness and a high 
degree of self-fertility, to its children, grandchildren, 
and great-grandchildren. The self-fertilised children 
of Hero were in height to other self-fertilised plants 
of the same stock as 100 to 85. Ten self-fertilised 
capsules produced by the grandchildren contained on 
an average 5*2 seeds; and this is a higher average 
than was yielded in any other generation by the 
capsules of self-fertilised flowers. The great-grand- 
children of Hero derived from a cross with a fresh 
stock were so unhealthy, from ha\dng been grown at 
an unfavourable season, that their average height in 
comparison with that of the self-fertilised plants 
cannot be judged of with any safety ; but it did not 
appear that they had profited even by a cross of this 
kind. 

Thirdly, the plants of Nicotiana on which I experi- 
mented appear to come under the present class of 
cases; for they varied in their sexual constitution 
and were more or less highly self-fertile. They 
were probably the offspring of plants which had been 
spontaneously self-fertilised under glass for several 
generations in this country. The flowers on the 
parent-plants which were first fertilised by me with their 
own poUen yielded half again as many seeds as did 
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those which were crossed ; and the seedlings raised 
from these self-fertilised seeds exceeded in height 
those raised from^the crossed seeds to an extraordinary 
degree. In the second and third generations, although 
the self-fertilised plants did not exceed the crossed in 
height, yet their self-fertilised flowers yielded on two 
occasions considerably ^more seeds than the crossed 
flowers, even than those which were crossed with pollen 
from a distinct stock or variety. 

Lastly, as certain individual plants of Reseda odorata 
and lutea are incomparably more self-fertile than other 
individuals, the former might be included under the 
present heading of the appearance of new and highly 
self-fertile varieties. But in this case we should have 
to look at these two species as normally self-sterile ; 
and this, judging by niy experience, appears to be the 
correct view. 

We may therefore conclude from the facts now^ given, 
that varieties sometimes arise which when self-fer- 
tilised possess an increased power of producing seeds 
and of growing to a greater height, than the inter- 
crossed or self-fertilised plants of the corresponding 
generation — all the plants being of course subjected 
to the same conditions. The appearance of such 
varieties is interesting, as it bears on the existence 
under nature of plants which regularly fertilise them- 
selves, such as Oplirys apifera and some other orchids, 
or as Leersia oryzoides, which produces an abundance 
of cleistogamic flowers, but most rarely flowers capable 
of cross-fertilisation.* 

Some observations made on other plants lead me 
to suspect that self-fertilisation is in some respects 
beneficial ; although the benefit thus derived is as a 


* On Leersia, see * Different Forme of Flowers/ &c., p. 835. 
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rule very small compared with that from a cross with 
a distinct plant. Thus we have seen in the last chapter 
that seedlings of Ipomoea and Mimulus raised from 
flowers fertilised with their own pollen, which is the 
strictest possible form of self-fertilisation, were superior 
in height, weight, and in early flowering to the seedlings 
raised from flowers crossed with pollen from other flowers 
on the same plant ; and this superiority apparently was 
too strongly marked to be accidental. Again, the cul* 
tivated varieties of the common pea are highly self- 
fertile, although they have been self-fertilised for many 
gener itious; and they exceeded in height seedlings 
from a cross between two plants belonging to the same 
variety in the ratio of 115 to 100 ; but then only four 
pairs of plants were measured and compared. The 
self-fertility of Primtda veris increased after several 
generations of illegitimate fertilisation, which is a 
process analogous to self-fertilisation, but only as long 
as the plants were cultivated under the same favour- 
able conditions, I have also elsewhere* shown that 
with several species of Primula equal-styled varieties 
occasionally appear which possess the sexual organs 
of the two forms combined in the same flower. Con- 
sequently they fertilise themselves in a legitimate 
manner and are highly self-fertile ; but the remarkable 
fact is that they are rather more fertile than ordinary 
plants of the same species legitimately fertilised by 
pollen from a distinct individual. Formerly it appeared 
to me probable, that the increased fertility of these 
heterostyled plants might be accoimted for by the 
stigma lying so close to the anthers that it was im- 
pregnated at the most favourable age and time of 
the day ; but this explanation is not applicable to the 


* * Difiereut Forms of Flowers,* &c., p. 272. 
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above given cases, in which the flowers were artificially 
fertilised with their own pollen. 

Considering the facts now adduced, including the 
appearance of those varieties which are more fertile 
and taller than their parents and than the intercrossed 
plants of the corresponding generation, it is difficult 
to avoid the suspicion that self-fertilisation is in some 
respects advantageous; though if this be really the 
case,* any such advantage is as a rule quite insignifi- 
cant compared with that from a cross with a distinct 
plant, and especially with one of a fresh stock. Should 
this suspicion be hereafter verified, it would throw 
light, as we shall see in the next chapter, on the exist- 
ence of plants bearing small and inconspicuous flowers 
which are rarely visited by insects, and therefore are 
rarely intercrossed. 


Relative Weight and Period of Oennination of Seeds 
from crossed and self-fertilised Flowers, — An equal 
number of seeds from flowers fertilised with pollen from 
another plant, and from flowers fertilised with their own 
pollen, were weighed, but only in sixteen cases. Their 
relative weights are given in the following list ; that 
of the seeds from the crossed flowers being taken as 100. 


Ipomoea purpurea (parent plants) 

Y, (third generation). 

Salvia coccinea 

Brassica oleracea ...... 

Iberis umbellata (second generation) 
Delphinium conwlida . , , . 

Hibiscus africanufl 

Tropceolum minus 
Latfayrus odoratus (about) 
Sarothamnus scoparius . , . . 


as 100 to 127 

YY ^7 
100 
103 
136 
45 
,Y 105 
n 115 
„ 100 
„ „ 88 


• M. Errera, who intends ijnb- 
liahing on the present snbiect, 
baa be^ so kind as to send me 
bis MS. to read. He is convinced 
that self-fertilisation is never 
more beneficial than a crosb with 


another flower. I hope that his 
view may hereafter be proved 
correct, as the subject of cross 
and self-fertilisation would be 
thus much simplified. 
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Specular ia speculum ..... 

Nemophila iusiguis 

Borago officinalis . . 

Cyclamen persicum ('about) . 
Fagopyrum esculentuin .... 
Camia warscewiczi (three generations) 


as 100 to S6 


o 

?» 

» 

»» 


?> 

ft 

It 


105 

111 

50 

82 

102 


It is remarkable that in ten out of these sixteen 
cases the self-fertilised seeds were either sujierior or 
equal to the crossed in weight ; nevertheless, in six out 
of the ten cases (viz., with Iponiom, Salvia, Brassica, 
Tropfeolum, Lathynis, and Ntunophila) the jdants 
raised from these vself-ferti]is(‘d set^ls were very ini*erior 
in heiglit and in otlna- respects to thosf^ raised from the 
crossed seeds. The superiority in weight of the s(df- 
fertilised seeds in at least six out of tlic ten cases, 
namely, with Brassica, Hibiscus, Tropa^olmu, N emophila, 
Borago, and Canua, may be accounted for in part by 
the self-fertilised cajisules containing fewer seeds ; ibr 
when a capsule contains only a few seeds, these will be 
apt to bo better noiirisht^d, so as to be heavier, than 
when many are c>ontained in the same capsule. It 
should, liuwe ver, be observed that in some of the above 
cas('s, in which the crossed seeds were the heaviest, as 
with Sarotlnunnus and Cy<damen, the crossed capsules 
contained a larger number of seeds. Whatever may be 
the explanation of the self-fertilised seeds h<iing often 
the heaviest, it is remarkable in the case of Brassica 
Tropa3olum, Nemophila, and of the first generation of 
Iponima, that the seedlings raised from, them were 
inferior in height and in other respects to ttfe seed- 
lings raised from the crossed seeds. This fact shows 
how superior in constitutional vigour the crossed seed- 
lings must have been, for it cannot be doubted that 
heavy and seeds tend to yield tRe finest plants. 
Mr. Galton has shown that this holds good with Lathyrus 
odorahis; as has Mr. A. J. Wilson with the Swedish 

2 A 
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turnip, Brassica cainpestris ruta baga, Mr. Wilson 
separated the; largest and smallest seeds of this latter 
plant, the ratio between the weights of the two lots 
being as 100 to 59, and he found that the seedlings 
‘‘ from the larger seeds took the load and maintained 
their superiority to the last, both in height and thick- 
ness of stein,”* Nor can this difference in the growth 
of the seedling turnips be attributed to the hc/avier 
se(;ds having been of crossed, and tlie lighter of self- 
fertilised origin, for it is known that plants belonging 
to this genus are babitiiall y intercrossed by insects. 

With respect to the relative period of germination of 
cross(Ml and s(df-fcrtiIisod seeds, a record was kept in 
only twenty-one cases; and Dio rc^sults are very per- 
jiloxiiig. Neglecting oik' case in wliich the two lots 
germinated simultaneously, in ten cases or exactly one- 
half many of tlie self-fertilised seeds giTminated before 
the CTossed, and in Die other lialf many oi'thc; crossed 
before the self-fGrtiIis<;d. In four imt of these tw'enty 
<!ases, seeds derived from a (;ross with a fresh sto(‘k 
were compared with self-h;rtUiscd scckIs from one of the 
later self-fertilised generations ; and here again in half 
the cases the crossed seeds, and in the other half the 
self-fertilised seeds, germinated first. Yet the plants 
of Mimulus raised from such self-fertilised seeds w^ero 
iiifiii’ior in all respects to the erossiMl plants, and in 

* ‘ GarclcneV')’ Clironicle,’ 18(17, by long-coiitinuod seleciitm, may 
p. 107. liOistleui-Desloii'^cbamp liavo given to the gmins of the 
(‘ LeB CerealcH,’ j)p. 208-210) ceroald a greater amount of starch 
was led by his obsorvatioiis to or otlier matter, tliaii the seed- 

tho extraordinary conclusion tiiat lings can utilise for their growth, 

the sinHller grains of cereals i»ro- can bo little doubt, as 

duco as fine plants t»s the lai-ge. Ifundxildt long ago remarked, 

This conclusion is, however, con- that tlie grains of cm als have 

tradictod by Major Hallefs great been rendered attractive^ to birds 

success in improving wheat by in a degm^ which is liighly in- 
the selection of the finest grains, jurious to tbe species. 

It is possible, however, that man, 
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the case of Eschscholtzia they were inferior in fertility. 
Unfortunately the relative weight of the two lots of 
seeds was ascertained in only a few instances in w^hich 
their germination was observed ; but with Ipomooa and 
I believe with some of the other species, the relativti 
lightness of the self-fertilised seeds apparently deter- 
mined their early germination, probably owing to the 
smaller mass being favourable to the more rapid com- 
pletion of the chemical and morphcdogical changes 
necessary for gennination.* On the other hand, Mr. 
Galton gave me seeds (no doubt all self-fertilised) of 
Lathy rus odomfus, which wcrti divided into two lots of 
heavier and lighter seeds; and several of the former 
germinated first. It is evident that many more obser- 
vations are necessary before anything can be decided 
with respect to tlie relative ]>eriod of germination ol 
crossed and self-fertilised s(‘eds. 


* Mr. J. Kcott remurks (* Man- 
ual of Oi)hini Husbandry,’ 1877, 
p. 131) that tho Biualhjr weeds of 
PivjKivvr »oinmfemni gerininato 
tirst. He also states tiiat the 
larger seeds yield tlie finer crop 
of plants. With respect in this 


latter subject see an abstract in 
IJurbidi^eV ‘ Cultivated Plants,’ 
1877, 1). 33, on the impovtuiit 
exprriiiHiite sliowiug the same 
results, by Dr. !Murck and 
Lehmann. 


2 A 2 



356 


MEANS OF FEKTILISATION. 


Chap. X. 


CHAPTER X. 

iVlEANS OF FEltTlLlSAT[UN. 

Sterility ai\«l fertility of plautswhcH iiiHocts are oxcIihIocI — The moRna 
by which ilowersart^ crdhS-fcrtiUHed— Struiiturc^a favourablo to aelf- 
feitihs.dion—lb-l.ition between tho atnictun^ niid coiiHpiciion^tieba 
of dowers, the visits of insects, nnd the udviintup's of cross-teridisa- 
tiou — The nnaiis by which dowers are fertilised wiiJi pollen 
from a distinct i»lant — (Ireater fertilising jw)wer of snoh pidleii 
— Aneinophiloiis species — (aaiversion of aneinopiiiloiis speeies Into 
€* I j toijiophilous Origin of iiectnr - Anemophilous plants {generally 
have thi'ir sex<‘s B<‘parntcd —Conversion (»f diclinous into herinu- 
phiodito tlowcfs — Tieea often have their sexes sepuiiled. 


Ix tho introduotory cfaai>tor I briefly spooitii'd tlio 
various lueaus by whicli o-ross-fortilisation is favoimsl 
or ensured, uaiuely, the scfiaration of tho sexes, — the 
maturity of tlu' male and female sexual elements at 
dilfereiit periods, — the lieterostyled or dinujrphie 
and trimorphie, eondition of certain plants, — many 
mocdianieal coutrivuucos, — the more or less complete 
ineflicieuey of a flow('r’s own pollen on the stij^ma, — and 
the prepcdency of pollen from any other individual 
over that from tin; same j)lant. Some of these points 
require further consideration; hut for full details I 
must r(;f(>r the reader to the several excellent works 
mentioned in the introduction. I will in the first place 
give two lists ; the first, of plants which are either quite 
sterile or produce less than about half the full com- 
plement of seeds, when insects are excluded ; and a 
second list of plants w]ii<jh, when tlius treated, are fully 
fertile or prodtice at least half the full complement 
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of seeds. Tlusse lists have been compiled from the 
several previous tables, with some additional cases from 
my own fibservations and those of others. The species 
are arranged nearly in the order folhnved by Lindley 
in his ^Vegetable Kingdom.’ The reader should 
observe that the sterility or fertility of the plants in 
these two lists dc'pends on two wholly distinct causes; 
nanH‘ly, the absence or presence of the proper means 
by which ])ollen is applied to the stigma, and its less 
or greater efliciemty when tlius applied. As it is 
obvious that with plants in which the sexes are separate, 
polhm must be carrier! by some means from flower to 
flower, such spcicies are excluded from the lists ; as 
are likewise hetcrostyled plants, in which the same 
necessity occurs to a limited extent. ICxperience has 
proved to me that, inde}a‘ndently of the exclusion of 
insects, tlie seed-bearing power of a i)]ant is not 
lesstmed by cov(?riiig it while in flower under a thin 
net supported on a frame; an<l this might indeed 
have been inferred from the consideration of the two 
following lists, as they include a considerable number 
of species belonging to the same genera, some of which 
arc quite sterile and others quite fertile w hen protected 
by a net from the access of insects. 

List of Plants whichywhen Insects are excliiAtd, are either 
quite sterile, or produce, as far as I coidd judge, less 
than half the nimher of Seeds produced hy unpro- 
tected Plants, 

Fassiflora (data, raccmmi, cfxrideM, edulh, laurifoUa, and some 
individuals of F, quadrmgidans (Passifloraceie), are quite 
sterile uqder these conditions : see ‘ Variaiion of Animals 
and Plants under Domestication,’ chap. xvii. 2iid edit. vol. ii. 
p. 118. 

Viola canirtu (Violacoflo). — Perfect flowers quite sterile unless 
fertilised by bees, or artificially fertilised. 
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V, tricolor , — Sets very few and poor capsules. 

Beseda odorata (Besedacese). — Some individuals quite sterile. 

JR, lutea . — Some individuals produce very few and poor cap- 
sules. 

Ahutilon darwmii (Malvaceee). — Quite sterile in Brazil; see 
previous discussion on solf-sterilo plants. 

Nymphwa (NymphsBaceee). — ^Professor Caspary informs me that 
some of the species are quite sterile if insects are excluded. 

Exiryale amazon tea (Nymphsoacese). — Mr. J. Smith, of Kew, in- 
forms me that capsules from flowers left to themselves, and 
probably not visited by insects, contained from eight to fif- 
teen seeds; those from flowers artificially fertilised with 
pollen from other flowers on the same plant contained from 
fifteen to thirty seeds ; and that two flowers fei-tiliscd with 
pollen brought from another plant at Chatsworth contained 
respectively sixty and seventy-five seeds. I have given 
these statements because Professor Caspary advances this 
plant as a case opposed to the doctrine of the necessity or 
advantage of cross-fertilisation: see KSitznngsl)erichto dor 
Phys.-okon, Gesoll. zu K6nigsl)crg, B. vi. p. 20. 

Deljyhimmn consolida (Eanunculacem). — Prodiujcs many capsules* 
but these contain only about half the numl>er of seeds com- 
pared with capsules from flowers naturally fertilised by 
bees. 

Eschscltdizia californim (Papavcraceie). — Brazilian plants quite 
sterile : English plants produce a few capsules. 

Papaver vayum (Pajjaveracese). — In the early part of the summer 
produced very few capsules, and these contained very few 
seeds. 

P, alpinwn. — 11, Hoffmann f Speciesfrago,' 1875, p. 47) states 
that this species produced seeds capable of germination only 
on one occasion. 

Corydalis cava (Fumariaceec). — Stoiile : sec the previous discus- 
sion on self-sterile plants. 

C\ solida , — I had a single plant in my garden (18C3), and saw 
many hive-bees sucking the flowers, but not a single seed 
was produced. I was much surprised at this fact, as Pro- 
fessor Hildebrand's discovery that 0, cava is sterile with its 
own pollen had not then been made. He likewise concludes 
from the few experiments which he made on the present 
species that it is self-stcrilo. The two foregoing cases are 
interesting, because botanists formerly thought (see, for 
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instance, Locoq* ' De la Fecondation et do THybridation, 
1845, p. 61, and Lindley, ' Vegetable Kingdom,' 1803, p. 436) 
that all the species of the Fumariacea) were specially adapted 
for self-fertilisation. 

0, liitea , — A covered-up plant produced (1801) exactly half as 
many capsules as an exix)sed plant of the same size grow- 
ing close alongside. When humble-bees visit the flowers 
(and T repeatedly saw tliom thus acting) the lower petals 
suddenly spring downwards and the pistil upwards; this 
is due to the elasticity of the parts, which takes etfect, as 
Boon as the coherent edges of the hood are separatt‘d by the 
entrance of an insect. Unless insects visit the flowers the 
parts do not move. Nevertheless, many of the flowers on 
the plants which I had protected produced capsules, not- 
withstanding that their petals find pistils still retained their 
original position ; and I found to ray surprise that these 
capsules contained more seeds than those from flowers, tlu‘ 
petals of which had l>eon artificially separated and allowed 
to s]»ring apart. Thus, nine capsules produced by imdis- 
turbod flowers contained fifty-three seeds ; whilst nine caji- 
sules from flowers, the petals of which had kuni artifleially 
separated, contained only thirty* two seeds. But we should 
remember that if boos had been permitted to visit these 
flowers, they would have visited them at the best time for 
fertilisation. The flowers, the petals of which had been 
artificially so])arated, set their capsules before those which 
were left undisturbed under the net. To show with what 
certainty the flowers are visited by bees, I may add that 
on one occasion all the flowers on some unprotected plants 
were examined, and every single one had its petals sepa- 
rated; and, on a second occasion, forty-one out of forty- 
three flowers were in this shite. Hildebrand states (Pring. 
Jahr. f. wiss. Botaiiik, B. vii., p. 450) that the mechanism 
of the parts in this species is nearly the same as in (7. ochro- 
huca, which he has fully described. 

ITypecoum grandiflorum (Furaariaceeo). — Highly self-sterile (Hil- 
debrand, ibid,). 

Kalmla latifolia (Ericacem). — W. J. Beal says (' American 
Naturalist,* 1867) that flowers protected from insects wither 
and drop off, with ** most of the anthers still remaining in 
the pockets.** 

Felurgonium zorndt (Geraniaceso).— -Almost sterile; one plant 
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produced two fruits. It is probable that different varieties 
would differ in this rcsp(.*x*>t» as some ai‘o only feebly diclio- 
gamous. 

D^nthffs canjoplnjUus (CaryophyllaceaB). — Produces very few 
capsules, which contain any good seeds. 

PhofteoJm mnUlflorm (Leguminosse). — Plants protected from 
insects juoduced on two occasions about oms-tliird and o.'O- 
eighth of the full numl)er of seeds: sec my article in 
^ Gardtmers’ Chronicle,’ 1857, p 225, and 1858, p. 828 ; also 
^ AiinaLs and Mag. of Natural History/ 3rd series, vol. ii. 
1858, p. ^J62. Dr. Ogle (‘ Pop. Science Hoview,’ 1870, p. 168) 
found that a plant was quite sterile when covered up. The 
flowers are not visited hy insects in Nicaragua, and, accord- 
ing to Mr. Belt, the s|X5cies is there quite sterile : ‘ The 
Naturalist in Nicaragua,' }>.70. 

Viciafah'i (Leguminos£e).-~Sevenh5cn coverod-up plants yielded 
40 beans, whilst seventeen jdants loft unprotected and 
gi*owing close alongside^ produced 135 Inians ; th(*s(‘ latter 
plants were, thenffore, hetweon three and four times more 
fertile than the protected ])lants: see * Gardeners’ Chronicle ’ 
for fuller details, 1858, p. 828. 

Erythrlm (sp. ?) (Legumiiioseo). — Sir W. Mac Arthur informed 
me that in Now South Wales the flowers do not set, unless 
the ]x)tals are moved in the same manner as is done by 
insects. 

Lathy r us yrandtjlorus (Leguminosie), — Is in this country more or 
less sterile. It never sets pods unless the flowers are visited 
by humble-bees (and this happens only rarely), or unless 
they arc artificially lertilised : see my article in * Gardeners’ 
Chronicle/ 1858, p. 828. 

Sarothamuus ^voparUs (Ijoguininosie),— Extremely sterile when 
tlic flowers arc neither visited by bees, nor divsturbed by 
being beaten by the wind against the surrounding net. 

MeHlotm officiuafis (L< gummosa3).-~An unprotected plant visited 
fby bees ]>roduced at least tliirty times more seeds than a 
protected one. On this latter plant many scores of racemes 
did not produce a single pod ; several racemes produced 
each one or two pods; live produced three; six produced 
four; and one produced six jicds. On the iinprotected plant 
each of several racemes produced fifteen podfl ; nine pro- 
duced between sixteen and twonty-two pods, and , one 
produced thirty pods. 
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Lotus corukuMtm (Legiiminosge). — Several covered-iip plants 
produced only two empty pods, and not a single good seed, 

Trifolinm. repens (L(\gumim>saB).— SeToral plants wore protected 
from insects, and the seeds from ten flower-heads on these 
plants, and from ten heads on other plants growi)ig outside 
the n<d (which 1 saw visited by hoes), were counted ; and 
the seeds from the latter ])lants were very nearly ten times 
as ininxerouR as those from the iwotocted ])lants. The ex- 
periment was repeated on the following year; nnd twenty 
protoct(id heads now yielded only a single aborted seed, 
whilst twcaity heads on the plants outside (lie net (which I 
saw visil(‘d by yielded 2*290 seeds, as calculated by 

weighing all the seed, and counting the numl^er in a weight 
of two grains. 

T, piaitvise . — One hundred flower-heads on ]>! ants protected by 
a not did not produce a single seed, whilst 100 liemls on 
])lants growing outside, Avhioh were visited hy l>ef!s, yieldeci 
C8 grains weight of secids ; and as eiglity see<ls wcdglied two 
grains, the lOO heads must have yielded 2,7*20 seeds. 1 have 
often watched this plant, and have never seen hive-bees 
sucking the flowers, except from the outside through holes 
bitten by buinblod>eos, or deep down l>etweon the flowers, as 
if in search of some secretion from tbo calyx, almost in the 
same niauncr a.s described by Mr. Farrer, in the case of 
Coronilla (‘Nature,^ 1871, July 2, }). 1()9). 1 must, how** 
ever, excjcpt one occasion, when an adjoining field of sainfoin 
(Bedynarum onvhryehis) had just l)een cut down, and when 
the bees seemed driven to desperation. On this occasion 
most of the flowers of the clover were somewhat withered, 
and contained an extraordinary (juantity of nectar, which 
the bees were able to suck. An exjiorienced apiarian, 
Mr. Miner, says that in tho United States hive-liees never 
suck tlie red clover ; and Mr. B. Colgate informs me that 
lie has ol)served the same fact in New Zealand after the 
introduction of the hivo-l)ee into that island. On tho other 
hand, n. Muller (* Befruc-htung,' p. 2*24) has often seen hive- 
l)oe8 visiting this plant in Germany, for the sake lioth of 
pollen and nectar, which latter they obtained by breaking 
apart the petals. It is at least certain that humble-bees are 
the chief fertilisers of the common red clover. 

r. hicarnatuin . — The flower-heads containing ripe seeds, on some 
covered and uncovered plants, appeared eciually fine, but 
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this was a false appearance ; CO heads on the latter yielded 
349 grains weight of seeds^ whereas 60 on the covered-up 
plants yielded only 63 grains, and many of the seeds in the 
latter lot were poor and aborted. Therefore the flowers 
wliich wore visited by bees produced between five and six 
times as many seeds as those which were protected. The 
covered-np plants not having lieen much exhausted by seed- 
bearing, boro a second considerable crop of flower-stems, 
whilst the exposed plants did not do so. 

Cytisus lahurnum (Leguminoste). — Seven flower-racemes ready to 
expand were enclosed in a large bag made of net, and they 
did not seem in the least injured by this treatment. Only 
three of them produced any pods, each a single one ; and 
these three pr)ds contained one, four, and five seeds. So 
that only a single pod from the seven racemes included a 
fair complement of seeds. 

Cupliea purpurea (Lythraceas). — Produced no seeds. Other flowers 
on the same plant artificially fertilised under the not yielded 
seeds. 

Vinca major (Apocynaco88). — Is generally quite siorile, but some- 
times sets seeds when artificially cross-fertilised: see my 
notice, ' Gardeners* Chronicle/ 18()1, j). 552. 

V. rosea, — Behaves in the s^imo manner as the last species: 
‘ Gardeners* Chronicle/ 1861, pp. 699, 736, 831. 

Taherncemontana ecldnata (Apocynaceje). — Quite sterile. 

Petunia vioJacea (Solanacese).— Quite sterile, as far os I have 
observed. 

Bdannm tuberosum (Solanacese). — Tinzmann .‘?ays ('Gardeners’ 
Chronicle/ 1846, p. 183) that some varieties are quite sterihi 
unless fertilised by pollen from another variety. 

Primula scotica (Primulacese). — A non-dirnorphic species, which 
is fertile with its own pollen, but is extremely sterile if 
insects are excluded. J. Scott, in * Journal Linn. Soo. Bot.’ 
voL viii. 1864, p. 119. 

Cortusa matthioU (Primulacem). — Protected plants completely 
sterile; artificially self-fertilised flowers perfectly fertile. 
J. Scott, ibid, p. 84. 

Cyclamen persicum (Primulaceae), — During one season several 
covered-up plants did not produce a single seed. 

Borago officinalis (Boraginacese). — Protected plants produced 
about half as many seeds as the unprotected. 

Salvia tenori (LabiatcB).— Quite sterile ; but two or three flowers 
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on the sttmmits of three of the spikes, which touched the 
net when the wind blew, produced a few seeds. 'J his 
sterility was not due to the injurious effects of the net, for I 
fertilised five flowers with pollen from an adjoining plant, 
and these all yielded fine seeds. I removed the net, whilst 
one little branch still bore a few not completely faded 
flowers, and these were visited by bees and yielded seeds. 

6’. -iSome covered-up plants produced a good many 

fruits, but not, 1 think, half as many as did the uncovered 
plants; twenty-eight of the fruits spontaneously produced 
by the protected plant contained on an average only 1*45 
seeds, whilst some artificially self-fertilised fruits on the 
same plant contained more than twice as many, viz., 3*8 
seeds. 

Bigmnia (unnamed species) (Bignoniacefe).— Quite sterile ; see 
my account of self-sterile plants. 

DigitaUa puTpurm (Scrophulariaceje). — Extremely sterile, only a 
few poor ca])8ules l>oing produced. 

Linaria vulgaris (Scrophulariacea)). — lilxtremely sterile. 

Antirrhinum maJuSj red var. (Scrophulariaoeje). — Fifty pods 
gathered from a large plant under a net contained 0*8 grains 
weight of seeds ; but many (unfortunately not counted) of 
the fifty jkkIs contained no seeds. Fifty ix)ds on a plant 
fully exjx)sed to the visits of humble-bees contained 23 * 1 
grains weight of seed, that is, more tlian twice the weight ; 
but in this case again, several of the fifty pods contained no 
seeds. 

A» majus (white var., with a pink mouth to the corolla).— 
Fifty pods, of which only a very few were empty, on a 
covered-u]) jdant contained 20 grains weight of seed; so 
that this variety seems to bo much more self-fertile than 
the previous one. With Dr. W. Ogle (‘Pop. Science 
Review,' Jan. 1870, p. 52) a plant of this si)ecies was much 
more sterile when protected from insects than with me, for 
it produced only two small capsules. As showing the 
efficiency of bees, 1 may add that Mr. Crocker castrated some 
young flowers and left them uncovered ; and these produced 
as many seeds as tlie unmutilatcd flowers. 

A. majm (i)eloric var.). — Q’his variety is quite fertile when arti- 
ficially fertilised with its own pollen, but is utterly sterile 
when left to itself and uncovered, as humble-bees cannot 
crawl into the narrow tubular flowers. 
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Verhascum p?iopm€eum (Scrophulariaoeae). — Quit-e 

F. nigrum* — Quite sterile ..... (sterile plants. 

Campanula carpatliim (Lobeliaceie) — Quitt^ sterile. 

Lobelia ramoaa (Tjoboliacoai). — Quito sterile. 

L*fvlgem. — 'I'his is iiovor visit(;d iu my garden by bees, 

and is quite sterile ; but in a nursery-garden at a few miles* 
distance 1 saw bumble-bees visiting the flowa^rs, and they 
produced sonic capsules. 

Isoioma (a white-flowered var.) (Lobeliacem). — Five plants left 
unprotected in my greenhouse produced twenty-four flno 
ca})SulcK, ooiitaiiiiiig altogether 12*2 grains \vt;ight of seed, 
and thirteen other very poor capsules, which were rejected. 
Five plante protected from insects, but otherwise exposed 
to the same conditions as the above plants, jiroduced sixteen 
fine capsules, and twenty other vi^ry poor and r(‘j(.'cted ones. 
I’he sixteen fine capsules contained seeds by weiglit in such 
proportion tliat twenty-four would have yielded 4*66 
grains. So that the unjirotected ])lantR produccMl nearly 
tlirice as many seeds by weight as the protected plants. 

LeHchenaultia f(/rmosa (Goodoniacefc). — Quite sterile. My experi- 
ments on this plant, showing the necessity of insect aid, 
are given in the ' Gardeners* Cluonicle,’ 1871, ]). IICG. 

Senecio cnindus (Compositao). — Quite sterile: see my account of 
self-sterile plants. 

Jhteroceniron meoncamm (]\foIastomaco£e). — Quite sterile; but 
this species and the following members of the group pro- 
duce plenty of seed wiien artificially self-fertilised. 

Ehexia glandulosa (Melastomaceae). — Set spontaneously only two 
or three capsules. 

Oenirarhnia (Melastomacem). — During some yo^rs pro- 
duced spontaneously two or three capsules, sometimes 
none. 

Pkrom/i (unnamed species from Kew) (MeIastoma(H‘SB). — During 
some years produced spontaneously two or three ca})sules, 
sometimes none. 

Monochcetum emiJWum (Melastomacem)* — During some years pro- 
duced spontaneously two or three capsules, sometimes 
none. 

Eedychium (unnamed species) (Marantacese).— Almost self-sterile 
without aid. 

.—An immense proportion of the species sterile, if 
insects are excluded. 
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List of Plants^ which when protected from Insects are 
either quite Fertile, or yield more than half ths Number 
of Seeds produced hy unprotected Plants, 

Fassiflora gracMia (Passifloraceso). — Produces many fruits, but 
these contain fewer seeds tlian fruits from intercrossed flowers. 

Brasska ohracm (CruciferSB). — Produces many cai^sules, but 
these generally not so rich in seed as those on uncovered 
plants. 

liaphanm mtiom (Cruciferaj). — Half of a largo branching plant 
was covered by a net, and was as thickly covered with 
capsules as the other and unprotected half ; but twenty of 
the capsules on tlie latter contained on an average 3'5 
seeds, whilst twenty of tho protected capsules contained only 
1*85 seeds, that is, only a little more than half the numlier. 
This plant might perhaps have been more properly included 
in tlic former list. 

Ihenn 'uniUllaia (Cruciferm). — Highly fertile. 

/. avLitm . — Highly fertile. 

Baseda odorata and hfLa (Resedaceje),— Certain individuals com- 
pletely self-fertile. 

EuryaUferox. (Nymphmacea)). — Professor Caspary informs me that 
this plant is highly self-fertile when insects are excl uded. He 
remarks in the paper before referred to, that his plants (as 
well as those of the Victoria rcyia) produce only one flower 
at a time ; and that as this species is an annual, and was 
introduced in 1809, it must have been self-fertilised for the 
last fifty-six generations ; but l)r. Hooker assures me tliat to 
his knowledge it has been repeatedly introduced, and that at 
Kew the same plant both of the Euryale and of the Victoria 
produce several flowers at the same time. 

Nyrnphoea (Nymphajacefiol.—Some species, as T am informed by 
Professor Caspary, ore quite self-fertile when insects are 
excluded. 

Adonis aistivalis (Ranunculacese). — ^Produces, according to Pro- 
fessor H, Hoffmann (* Speciesfrjige,’ p. 11), plenty of seeds 
when protected from insects. 

Banuncu/m acris (Eanunculacese). — Produpes plenty of seeds 
under a net. 

Fapaver sonmifenim (Papaveracese). — Thirty capsules from un- 
covered plants yielded 15*6 grains weight of seed, and thirty 
capsules from covered-up plants, growing in the same bed. 
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yielded 16*5 grains weight; so that the latter plants were 
more productive than the uncovered. Professor H. Hoffmann 
(' Speciesfrage/ 1875, p. 63) also found this species self-fertile 
when protected from insects. 

P. vagum . — Produced late in the summer plenty of seeds, which 
germinated well. 

P. argevionoidts . . . . ] According to Hildebrand (* 

Oluncium luteum (Papavoraca.^) . 

Argemone ochroleum (PapaveraceaL*) . J are by no means sterile. 

Adiwnia ciirhosa (FumariacesD). — Sets an abundance of capsules. 

llypecourn procumhtm (Fumariacefe). Hildebrand says (idem), 
with respect to protected flowers, that oine gate Frucht- 
bilclung eintrete.*’ 

Fumaria officinalis (Fumariacefe). — Covered-up and unprotected 
plants apparently produced an equal number of capsules, 
and the seeds of the former seemed to the eye equally good, 
I have often watched this plant, and so has Hildebrand, and 
we have never seen an insect visit the flowers. H. Miillor 
has likewise l>een struck with the rarity of the visits of insects 
to it, though he lias sometimes seen hive-beos at work. 
The flowers may perhajis be visited by small moths, as is 
probably the case with the following species. 

F, capreoluia.—^ycral large beds of this plant growing wild 
were watched by me during many days, but the flowers 
were never visited by any insects, tliough a humble-bee 
was once seen closely to inspect them. Nevertheless, as 
the nectary contains much nectar, especially in IJic evening, 
I felt convinced that they were visited, probably by moths. 
The petals do not naturally separate or open in the least ; 
but they liad lieen o])ened by some means in a certain pro- 
IKirtioii of the flowers, in the same manner as follows when 
a thick bristle is pushed into the nectary ; so that in this 
respect they resemble the flowers of OorycMis luten. Thirty- 
four licads, each including many flowers, were examined, 
and twenty of them had from one to four flowers, whilst 
fourteen had not a single flower tlius opened. It is there- 


fore clear that some of the flowers had been visited by 
insects, while the majority had not ; yet almost all produced 
capsules. 

Linum usitatimimum (Linaceae). — Appears to bo quite fertile. 

H. Hoffmann, " Bot. Zeitung/ 1876, p. 566. 

Impatimn harhigera (Balsaminaceae). — The flowers, though ex- 
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cellently adapted for cross-fertilisation by the bees which 
freely visit thorn, set abundantly nnder a net. 

/, noli’-ine-tangere (Balsaminacese). — This species produces cleis- 
togamic and perfect flowers. A plant was covered with a net, 
and some perfect flowers, marked with threads, produced 
eleven si)ontaneously self-fertilised capsules, which contained 
on an average 3 '45 seeds. I neglected to ascertain the 
number of seeds produced by perfect flowers exposed to the 
visits of insects, but I believe it is not greatly in excess of 
the al)Ove average. Mr. A. W. Bennett has carefully described 
the structure of tl)o flowers of l.fulva in ' Journal Linn. Soc.’ 
vol. xiii. Bot. 1872, p. 147. This latter species is said to 
l>e sterile with its own pollen Q Gard. Chronicle,’ 18G8, p. 
1280), and if so, it presents a remarkable contrast with 7. 
yct'hfgarinn and iioU-ine-'tuiKjci'e, 

Limhaathvs dourjlasH (Geraniaccm). — Highly fertile. 

VUcaria ocnltta (Gary ophyUacea3).— Produces plenty of capsules 
with good seeds. 

Sidlaria virdia (Caryophyllacem). — Covered-up and uncovered 
plants produced an equal number of capsules, and the seeds 
in l)oth appeared equally numerous and good. 

Ikta vuhjaria (Chenopodiacea)). — Highly self-fertile. 

Vicia sativa (Leguminosso). — Protected and uni)rotected plants 
produced an equal number of pods and equally fine seeds. 
If there was any difference between the two lots, the covered- 
up plants w^cre the most productive. 

V. lUrsuta. — This species boars the smallest flowers of any 
British leguminous plant. The result of covering up plants 
was exactly the same as in the last species. 

Pimm sativum (LeguminossB), — Fully fertile. 

IjafJiyrus odoratus (Leguminosae). — Fully fertile. 

L, nissoUa, — Fully fertile. 

Lupinm lutem (Leguminosm). — ^Fairly productive. 

L. piloms, — Produced plenty of pods. 

Ononis minutissima (Leguminosm). — Twelve perfect flowers on a 
plant under a net were marked by threads, and produced 
eight pods, containing on an average 2*38 seeds. Pods 
produced by flowers visited by insects would probably have 
contained on an average 3*66 seeds, judging from the effects 
of artificial cross-fertilisation. 

Phaaeofus vulgaris (Leguminosfe). — Quite fertile. 

TrijUium arvense (LeguminosfiB).— -The excessively small flowers 
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are incessantly visited by hive and humble-bees. When 
insects wore excluded the flower-heads seemed to produce as 
many ami as fine seeds as the exposed heads. 

T, procmnhanfi , — On one occasion covered-np plants seemed to 
yield as many seeds as the uncovered. On a second occasion 
sixty uu ‘overi^d flower-heads yielded 9 * 1 p^rains weight ot‘ 
seeds, whilst sixty heads on protected plants yielded no less 
than 17 7 grains; so that these latter plants were much 
more productive ; but this rf?sult I suppose was accidental. 
I have often watched this plant, and have never seen the 
flowers visited by insects ; but I suspect that the flowers of 
this species, and m<»re es])ecially of Tnfolhnn are 

frequented by small nocturnal moths which, as 1 hear from 
Mr. Bond, haunt the smaller clovers. 

Mt^dicago hrpalina (Lciguiniiiosai). — On account of the danger of 
losing the seeds, 1 was forced to gather the pods l)ofore they 
were quite ripe ; 150 fiower-licads on plants visited by bees 
yielded pods weighing 101 grains; whilst 150 heads on 
protected plants yielded pods weighing 77 grains. The 
inequality would ])robably have been greiiter if the mature 
seeds could have l>een all safely collected and compared. 
Ig. Urban (Koimung, Bluthen, i^c , hei Medicago, 1878) lias 
described the means of fertilisation in this genus, as has the 
Ilev. G. Henslow in the ‘ Journal of Linn. Soc. Bot.^ vol. ix. 
1866, pp. 327 and 355, 

Kicotiana ttihticam (Solanaccm). — Fully self- fertile. 

Ipormm pnrpuwk (Convolvulacem). — Highly self-fertile. 

Leptoslphon androH<(.c€u$ (Polemoniacea}). — Plants under a net 
produced a good many capsules. 

Primula mnllia (Primulacem). — A homomorphic species, self-fer- 
tile; J. Scott, inMournal Linn. Soc. Bot.^ vol. viii. 1801, p. 120. 

Nolauft f/roatmia (Nolanacose). — Plants covered up in the green- 
house, yielded seeds by weight compared with uncovered 
plants, the flowers of which were visited by many bees, 
in the ratio of lOG to 61. 

Ajuga rejdans (Labiataj). — Sot a good many seeds; but none of 
the stems under a net produced so many as several un- 
covered stems growing closely by. 

Euphrasia offichuilis (Scrophulariacese). — Covered-up plants pro- 
duced plenty of seed ; whether less than the exposed plants I 
cannot say. I saw two small Dipterous insects {UoUclwpos 
and Empis chwptm'a) repeatedly sucking the 
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flowers ; as they crawled into them, they rubbed against the 
bristles which project from the anthers, and became dusted 
with pollen. 

Veron ica agresiiB (Scrophulariacese). — Covered-up plants produced 
an abundance of seeds. I do not know whether any insects 
visit the flowers ; but I have observed SyrphidsB repeatedly 
covered with pollen visiting the flowers of V, hederopfolia and 
chamcedrys* 

Mimulus luieus (Scrophulariacese). — Highly self-fertile. 

Calceolaria (greenhouse variety) (Scrophulariaceae). — Highly self- 
fertile. 

Verhascum tliapBm (Scrophulariacese), — Highly self-fertile. 

K lycimitis , — Highly self-fertile. 

Vanddlia nummular if oUa (Scrophulariaceae). — Perfect flowers 
produce a good many capsules. 

Bartsia odontites (Scrophulariaceae). — Covered- up plants produced 
a good many seeds ; but several of these were shrivelled, nor 
were they so numerous as those produced by unprotected 
plants, which were incessantly visited by hive and humble- 
bees. 

Bpecularia speculum (Lobeliacom). — Covered plants produced 
almost as many ciipsules as the uncovered. 

Lactuca satioa (Composite), — Covered plants produced some 
seeds, but the summer was wet and unfavourable. 

Galium aparinr (Eubiacem). — Covered plants produced quite as 
many seeds as the uncovered. 

Apium ptiroseiinum (Umbelliferse). — Covered plants apparently 
were as productive as the uncovered. 

Zea mays (OramineaB). — A single plant in the greenhouse 
produced a good many grains. 

Canna tvarscewiezi (MarantaCrece). — Highly self-fertile. 

Orchidtwece. — In Europe Ophrys apife^'a is as regularly self- 
fertilised as is any cleistogamic flower. In thqUnited States, 
South Africa, and Australia there are a few species which 
are perfectly self-fertile. These several coses are given in 
the 2nd edit, of my work on the Fertilisation of Orchids. 

Allium cejKt (blood red var.) (Liliaceje). — ^Four flower-heads were 
covered with a net, and they produced somewhat fewer and 
smaller capsules than those on the uncovered heads. The 
capsules were counted on one uncovered head, and were 289 
in number ; whilst those on a fine head from under the net 
were only 199. 



370 


MEANS OF CROSS-FEHTILISATION, 


OhaF. X 


Each of these lists contains by a mere accident the 
same number of genera, viz,, forty-nine/ The genera 
in the first list include sixty-five species, and those in 
the second sixty species ; the Orchideae in both being 
excluded. If the genera in this latter order, as well as 
in the Asclepiadae and Apocynaceae, had been included, 
the number of species which axe sterile if insects are 
excluded would have been greatly increased ; but the 
lists are confined to species which were actually expe- 
rimented on. The results can be considered as only 
approximately accurate, for fertility is so variable a 
character, that each species ought to have been tried 
many times. The above numter of species, namely, 
125, is as nothing to the host of living plants ; but 
the mere fact of more than half of them being sterile 
within the specified degree, when insects are excluded, 
is a striking one ; for whenever pollen has to be carried 
from the anthers to the stigma in order to ensure full 
fertility, there is at least a good chance of cross-fertili- 
sation, I do not, however, believe that if all known 
plants were tried in the same manner, half would be 
found to be sterile within the specified limits; for 

♦ The plants in these two lists anthers from the florets of one 
are ontomophilous, or adapted for variety of wh(‘at, whicli neverthe- 
fertiUsation by insects, with the less produced a oonriderable num- 
exoeptioo of Zea and Beta, which her of grains, being fertilised by 
are anemophilous or fertilised by the surrounding plants. I state 

the wind. I may therefore here this fact, because Mr. A. 8. Wil- 

repeat that, accmrdii g to Rim- son concludes from his excellent 
pan (‘Landwirth. Jarbuch,* B. vi. experiments (‘Gardeners* Chroni- 
1877, pp. 192-233, and p. 1073), cle ' 1874, March 21, p. 375) that 
Eye is sterile if the access of wheat is invariably self-fertilised, 
})o]len from other plants is pre- and no doubt it is so generally, 
vented ; whereas wheat and barley Mr. Wilson believes that all tlje 
are quite fertile under these condi- pollen shed by the exserted anthers 

tions. Rimpan states (p. 199) that is absolutely useless. This is a 

the different varieties of wheat be- conclusion which it would require 
iiave differently with respect to very rigid proof to make me to 
self and oroes-fertilisation. He admit, 
removed at an early age all the 
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many flowers were selected for experiment which pre- 
sented some remarkable structure; and such flowers 
often require insect-aid. Thus out of the forty-nine 
genera in the first list, about thirty-two have flowers 
which are asymmetrical or present some remarkable 
peculiarity ; whilst in the second list, including species 
which are fully or moderately fertile when insects were 
excluded, only about twenty-one out of the forty-nine 
are asymmetrical or present any remarkable peculiarity. 

Means of crossfertilisation , — The most important of 
all the means by which pollen is carried from the 
anthers to the stigma of the same flower, or from flower 
to flower, are insects, belonging to the orders of 
Hymenoptera, Lepidoptera, and Diptera ; and in some 
parts of the world, birds.* Next in importance, but 


* I will here give all the cnses 
known to me of birds fertilising 
flowers. In South Brazil, hum- 
ming - birds certainly fertilise 
various plants which are sterile 
without their aid: (Fritz Muller, 
* Bot. Zeit/ 1870, pp. 274-5, and 
‘Jen. Zeit. f. Naturwiss.* B. vii. 
1872, 24.) Long-beukt'd hum- 
ming-birds visit tl e flowers of 
Brugmansia, whilst somo of iho 
short-beaked species often pene- 
trate its large corolla in order to 
obtain the nectar in an illegitimate 
manner, in the same manner as 
do bees in all parts of the world. 
It appears, indeed, that the beaks 
of humming-birds are specially 
adapted to the various kinds 
of flowers which they visit: on 
the Cordillera tlicy suck the 
SalviiB, and lacerate the flowers 
of the Taosonias; in Nicaragua, 
Mr. Belt saw them sucking the 
flowers of Maregravia and Ery- 
thrina, and thus they carried 
^llen from flower to flower. In 
North America they are said to 
frequent the flowers of Impatiens : 


(Gould, * Introduction to the Tro- 
chilidaD,’ 18U1, pp. 15, 120 ; * Gard. 
Chronicle,’ 1869, p. 389; ‘The 
Natural i4 in Nicaragua,* p. 129; 
‘Journal of Linn. ISoc. Bot.* vol, 
xiii. 1872, p. 161.) I may add 
that I often saw in Chile a Mimus 
with its head yellow with pollen 
from, as I believe, a Cassia. I 
huve b('en assured that at the 
Cape of Good Hope, Strelitria is 
fertilised by the NtetariniJse. 
There can hardly be a doubt that 
many Australian flowers ere fer- 
tilised by the many honey-sheking 
birds of that country. Mr. Wal- 
lace remarks (Address to the Bio- 
logical Section, IBrit. Assoc. 1876; 
that he has “often observed the 
beaks and faces of the hrusb- 
tongiied lories of the Moluccas 
covered with pollen.’* In New 
Zealand many specimens of the 
Anthorm^i melanura liad their 
heads coloured with pollen from 
the flowers of an endemic species 
of Fudisia : (Potts, * Transact 
New Zealand Institute,* voL iii. 
1870, p. 72.) 


2 B 2 
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in a quite subordinate degree, is the wind ; and with 
some aquatic plants, according to Delpino,* currents of 
water. The simple fact of the necessity in many cases 
of extraneous aid for the transport of the pollen, and the 
many contrivances for this purpose, render it highly 
probable that some great benefit is thus gained ; and 
this conclusion has now been firmly established by the 
proved superiority in growth, vigour, and fertility of 
plants of crossed parentage over those of self-fertilised 
parentage. But we should always keep in mind that 
two somewhat opposed ends have to be gained; the 
first and more important one being the production 
of seeds by any means, and the second, cross-ferti- 
lisation. 

The advantages derived from cross-fertilisation throw 
a flood of light on most of the chief characters of flowers. 
We can thus understand their large size and bright 
colours, and in some cases the bright tints of the 
adjoining parts, such as the peduncles, bractem, even 
true leaves, as with Poinsettia, &c. By this means 
they are rendered conspicuous to insects, on the same 
principle that almost every fruit which is devoured by 
birds presents a strong contrast in colour with the 
green foliage, in order that it may be seen and its 
seeds freely disseminated. With some flowers con- 
spicuousness is gained at the expense even of the 
reproductive organs, as with the ray-florets of many 
Composite, the exterior flowers of Hydrangea, and the 
terminal flowers of the Feather-hyacinth or Muscari. 
There is also reason to believe, and this was the opinion 
of Sprengel, that flowers differ in colour in acco^ance 
with the kinds of insects which frequent them. 


* See also Dr. Aschorson’s mteresting essay in * Bot. Zeituncr,^ 
1871, p. 444. 
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Not only do the bright colours of flowers serve to 
attract insects, but dark-coloured streaks and marks 
are often present, which Sprengel long ago maintained 
served as guides to the nectary. These marks follow 
the veins in the petals, or lie between them. They 
may occur on only one, or on all excepting one or 
more of the upper or lower petals ; or they may form 
a dark ring round the tubular part of the corolla, or 
be confined to the lips of an irregular flower. In the 
white varieties of many flowers, such as of Digitalis 
purpurea^ Antirrhinum majuSy several species of Dian- 
thus, Phlox, Myosotis, Khododendron, Pelargonium, 
Primula, and Petunia, the marks generally persist, 
whilst the rest of the corolla has become of a pure 
white ; but this may be due merely to their colour 
being more intense and thus less readily obliterated. 
SprengeFs notion of the use of these marks as guides 
appeared to me for a long time fanciful ; for insects, 
without such aid, readily discover the nectary and 
bite holes through it from the outside. They also 
discover the minute nectar-secreting glands on the 
stipules and leaves of certain plants. Moreover, some 
few plants, such as certain poppies, which are not 
nectariferous, have guiding marks; but we might 
perhaps expect that some few plants would retain 
traces of a former nectariferous condition. On the other 
hand, these marks are much more common on asymme- 
trical flowers, the entrance into which would be apt to 
puzzle insects, than on regular flow ers. Sir J. Lubbock 
has also proved that bees readily distinguish colours, 
and that they lose much time if the position of honey 
which they have once visited be in the le^st changed.’* 
The following case affords, I think, the best evidence 


• * British Wild Flowers in relation to Insects,* 1875, p. 44, 
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that these marks have really been developed in corre- 
lation with the nectary. The two upper petals of the 
common Pelargonium are thus marked near their bases; 
and I have repeatedly observed that when the flowers 
vary so as to become peloric or regulaj*, they lose their 
nectaries and at the same time the dark marks. 
When the nectary is only partially aborted, only one 
of the upper petals loses its mark, llierefore the nec- 
tary and these marks clearly stand in some sort of close 
relation to one another ; and the simplest view is that 
they were developed together for a special purpose; 
the only conceivable one being that the marks serve as 
a guide to the nectary. It is, however, evident from 
w hat has been already said, that insects could discover 
the nectar without the aid of guiding marks. They 
are of service to the plant, only by aiding insects to 
\dsit and suck a greater number of flowers within a 
given time than would otherwise be possible ; and thus 
there will be a better chance of fertilisation by pollen 
brought from a distinct plant, and this we know is of 
paramount importance. 

The odours emitted by flow^ers attract insects, as I 
have observed in the case of plants covered by a muslin 
net. Nageli aflSxed artificial flowers to branches, 
scenting some with essential oils and leaving others 
unscented ; and insects were attracted to the former in 
an unmistakable manner.* It would appear that they 
must be guided by the simultaneous action of sight 
and smell, for M. Plateau f found that excellently 
made, but not scented, artificial flowers never deceived 
them. It will be shown in the next chapter that the 
flowers of certain plants remain fully expanded for 

♦ * Enstehung, &o., der Natur- Assoc, for the Adyanoement of 
hist. Art.* 1S65, p. 23. 8oiuuoe,* |876. 

t * Proceedings of the French ^ 
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days or weeks and do not attract any insects ; and it is 
probable that they are neglected from not having as 
yet secreted any nectar or become odoriferous. Nature 
may be said occasionally to try on a large scale the 
same experiment as that by M. Plateau, Not a few 
flowers are both conspicuous and odoriferous. Of all 
colours, white is the prevailing one; and of white 
flowers a considerably larger proportion smell sweetly 
than of any other colour, namely, 14*6 per cent,; of 
red, only 8 • 2 per cent, are odoriferous.* The fact of 
a larger proportion of white flowers smelling sweetly 
may depend in part on those which are fertilised by 
moths requiring the double aid of conspicuousness in 
the dusk and of odour. Most flowers which are fer- 
tilised by crepuscular or nocturnal insects emit their 
odour chiefly or exclusively in the evening, and they 
are thus less likely to be visited and have their nectar 
stolen by ill-adapted diurnal insects. Some flowers, 
however, which are highly odoriferous depend solely 
on this quality for their fertilisation, such as the night- 
flowering stock (Hesperis) and some species of Daphne ; 
and these present the rare case of flowers which are 
fertilised by insects being obscurely coloured. 

The storage of a supply of nectar in a protected place 
is manifestly connected with the visits of insects. So 
is the position which the stamens and pistils occupy, 
either permanently or at the proper period through 
their own movements ; for when mature they invariably 
stand in the pathway leading to the nectary. The 
shape of the nectary and of the adjoining parts are 
likewise related to the particular kinds of insects which 

* The colours and odours of I have not seen their original 
the howers of 4200 species have works, but a very full abstract 
been tabulated by Lancigrabe, is giwn in lioudoii's * Gardeners' 
and by tScblibler and KohKr. Mag.’ vol. xiii. 1837, p. 367. 
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habitually visit the flowers ; this has been well shown 
by H, Muller by his comparison of lowland species 
which are chiefly visited by bees, with alpine species 
belonging to the same genera which are visited by 
butterflies.^ Flowers may also be adapted to certain 
kinds of insects, by secreting nectar particularly attrac- 
tive to them, and unattractive to other kinds ; of which 
fact Epii^adis latijolia offers the most striking instance 
known to me, as it is visited exclusively by wasps. 
Structures also exist, such as the hairs within the 
corolla of the foxglove (Digitalis), which apparently 
serve to exclude insects that are not well fitted to bring 
pollen from one flower to another.f I need say nothing 
here of the endless contrivances, such as the viscid 
glands attacljed to the pollen-masses of the Orchideae 
and Asclepiadfle, or the viscid or roughened state of 
the pollen-grains of many plants, or the irritability of 
their stamens which move w'hen touched by insects, &c., 
— as all these contrivances evidently favour or ensure 
cross-fertilisation. 

All ordinary flowers are so far open that insects can 
force an entrance into them, notwithstanding that 
some, like the Snapdragon (Antirrhinum), various 
Papilionaceous and Fumariaceous flowers, are in 
appearance closed. It cannot be maintained that their 
openness is necessary for fertility, as cleistogamic flowers 
which are permanently closed yield a full complement 
of seeds. Pollen contains much nitrogen and phos- 


♦ ‘Nature,' 1874, p. 110; 1875, 
p. 190; 1876, pp. 210,289. 

t Belt, ‘The NatuniUst in Ni- 
caragua,’ 1874, p. 132. Kerner 
lia« Siown in lii$ admirable eMnay, 
‘ Die Schutzmittel der Bliitheu 
gegen unberufene Gaute, 1826/ 
that many structures — liairs, viKcid 
glauda, the position of tlie parts, 


&c. — protect the flowers from the 
access of crawling or wingless 
insects, which would steal the 
iicctar, and yet, as they do not 
ef>mmonly carry j)ollen from one 
plant to another, but only from 
flower to flower on the same 
plant, would confer no benefit ta 
the species. 
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phonis — the two most precious of all the elements for 
the growth of plants — but in the case of most open 
flowers, a large quantity of pollen is consumed by 
pollen-devouring insects, and a large quantity is 
destroyed during long-continued rain. With many 
plants this latter evil is guarded against, as far as 
is possible, by the anthers opening only during dry 
weather,* — by the position and form of some or all of 
the petals, — by the presence of hairs, &c., and as Kerner 
has shown in his interesting essay ,t by the movements 
of the petals or of the whole flower during cold and wet 
weather. In order to compensate the loss of pollen in 
so many ways, the anthers produce a far larger amount 
than is necessary for the fertilisation of the same flower. 
1 know this from my own experiments on Ipomcea, 
given in the Introduction ; and it is still more plainly 
shown by the astonishingly small quantity produced 
by cleistogamic flowers, w^hich lose none of their pollen, 
in comparison wdth that produced by the open flowers 
borne by the same plants ; and yet this small quantity 
suftices for the fertilisation of all their numerous seeds. 
Mr. Hassall took pains in estimating the number of 
}>olleii-grains produced by a flower of the Dandelion 
(licontodon), and found the number to be 243,600, 
and in a Paeony 3,654,000.^ A single plant of Typha 
produced 144 grains by weight of pollen, and as this 
plant is anemophilous with very small pollen-grains, 


* Mr. Blackley observed that 
the ripe anthers of rye did not 
dehisce whilst kept \mder a bell- 
gla^ in a damp atmosphere, 
whilst other anthers exposed to 
the same temperature in the open 
air dehisced free! y . H e also found 
nmeh more ^llen adhering to 
^he sticky slides, which were 
attached to kites and sent high 


up in the aimosphere, during the 
first fine and dry days after wet 
weather, than at other tim< s : 
‘ Experimental Ilesc arches on 
Hay Fever,' 1873, p. 127. 

t ‘ Die Schutzmittel des Pol- 
lens/ 1873. 

X ‘Annalr and Mag. of Nat. 
Hist* vol. viii. 1842, p. 108. 
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their number in the above weight must have been 
prodigious. We may judge of this from the following 
facts: Dr. Blackley ascertained* by an ingenious 
method, that in the three following anemophilous plants, 
a single grain-weight of the pollen of LoUum perenne 
contained 6,032,000 grains; the same weight of the 
pollen of Plantago lanceolata contained 10,124,000 
grains ; and that of Scirpm lacustris^ 27,302,050 grains. 
Again Mr. A. S. Wilson estimated by micro-measure- 
mentf that a single floret of rye yielded 60,000 pollen- 
grains, whilst one of spring wheat yielded only 6864 
grains. The editor of the ‘ Botanical Eegister ’ counted 
the ovules in the flowers of Wistaria sinensis^ and care- 
fully estimated the number of pollen-grains, and he 
found thatforeach ovule there were 7000 grains.t With 
Mirabilis, three or four of the very large pollen-grains 
are sufficient to fertilise an ovule ; but I do not know 
how many grains a flower produces. With Hibiscus, 
Kolreuter found that sixty grains were necessary to fer- 
tilise all the ovules of a flower, and he calculated that 
4863 grains were produced by a single flower, or eighty- 
one times too many. With Oeum urhanurrhy however, 
according to Gartner, the pollen is only ten times too 
much.§ As we thus see that the open state of all 
ordinary flowers, and the consequent loss of much 
pollen, necessitate the development of so prodigious an 
excess of this precious substance, why, it may be asked, 
are flowers always left open? As many plants exist 
throughout the vegetable kingdom which bear cleisto- 
gamic flowers, there can hardly be a doubt that all 

♦ * New Observations on Hay 1846, p. 771. 

Fever/ 1877, p. 14, § Kolreuter, ‘ Vorlaufige Nech- 

t ‘ Gardeners’ Ohroniolo/ March richt,* 1761, p. 9. Gartner, * Bei- 
1874, p. 876. trageisur Kenntniss,* &c. p. 846. 

I Quoted in * Gard. Chron.’ 
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open flowers might easily have been converted into 
closed ones. The graduated steps by which this pro- 
cess could have been efiected may be seen at the 
present time in Lathyrus nmolia, Biophytum mi- 
sitivum, and several other plants* The answer to the 
above question obviously is, that with permanently 
closed flowers there could be no cross fertilisation. 

The frequency, almost regularity, with which pollen 
is transported by insects from flower to flower, often 
from a considerable distance, well deserves attention**^ 
This is best shown by the impossibility in many cases 
of raising two varieties of the same species pure, if they 
grow at all near together ; but to this subject I shall 
presently return ; also by the many cases of hybrids 
which have apt>eared spontaneously both in gardens and 
a state of nature. With respect to the distance from 
which pollen is often brought, no one who has had any 
experience would expect to obtain pure cabbage-seed, 
for instance, if a plant of another variety grew' within 
two or three hundred yards. An accurate observer, 
the late Mr. Masters of Canterbury, assured me that 
he once had his whole stock of seeds “ seriously affected 
with purple bastards,” by some plants of purple kale 
which flowered in a cottager’s garden at the distance of 
half a mile ; no other plant of this variety growing any 


* An experiment made by Kol- 
reuter (‘ FortBeUnng,* &c. 1703, 
p. 69) affords good evidence on 
this head. Hibuctm vesieariua is 
strongly diohogamous, its pollen 

being shed befoi*e the stigmas are 
mature. Kolreuter marked 810 
flowers, and put pollen from 
other flowers on their stiguaus 
every dsy, so that they were 
thoroughly fertilised ; and he left 
the same number of other flowers 
to the agency of insects. After- 


wards he counted the seeds of 
both lots: the flowers which he 
had fei-tilised with such i 
ing care produced 11,237 
whilst those left to the insects 
produced 10,886 ; that is, a loss 
numl>er by only 851; an<l this 
small inferiority is fully accounted 
for by the insects not Ijaving 
worked during some days, when 
tiie weiither was cold with con- 
tinued rain. 



380 


MEANS OP OROSS-FEBTILISATION. Chap. X. 


nearer,* But the most striking case which has been re- 
corded is that by M. Godron,t who shows by the nature 
of the hybrids produced that Primula grandijlora must 
have been crossed with pollen brought by bees from 
P, officinalis, growing at the distance of above two 
kilometres, or of about one English mile and a quarter. 

All tliose who have long attended to hybridisation, 
insist in the strongest terms on the liability of castrated 
flowers to be fertilised by pollen brought from distant 
plants of the same species4 The following case shows 
this in the clearest manner: Gartner, before he bad 
gained much experience, castrated and fertilised 521) 
flowers on various species with pollen of other genera 
or other species, but left them unprotected ; for, as he 
says, he thought it a laughable idea that pollen should 
be brought from fl owners of the same species, none of 
which grew nearer than between 500 and 600 yards.§ 
The result was that 289 of these 520 flowers yielded no 
seed, or none that germinated ; the seed of 29 flowers 
produced hybrids, such as might have been expected 
from the nature of the pollen employed ; and lastly, 
the seed of the remaining 202 flowers produced per- 


♦ Mr. W. 0. Marshall caught 
no less than seven specinnsns of a 
moth (CucuUia uml>raUca) with 
thepoUiaia of the butter tty-orclds 
{Habenaria chlorantha') sticking 
to their eyes, and, therefore, in 
the proper |)Ofiition for fertilising 
the flowers of this species, on an 
island in Derwentwater, at the 
distance of half a mile from any 
place w'here this plant grew : 
* Nature/ 1872, p. 393. 

t ‘Beme des 8c. Nat.* 1875, 
p. 831. 

I See, for instance, the remarks 
by Herbert, * Amaryllidacoaj,* 
1837, p. 349. Also Gartner’s 
strong expressions on this subjec?t 


in his ‘ Bastarderzougung/ 1S49» 
p. 670; and ‘Kenntniss der Be- 
fruchtung,’ 1844, pp. 510, 573. 
Also Lecoq, * De la Fecondation,* 
&c., 1845, p. 27. Some statements 
have been published during late 
years of the extraordinary ten- 
dency of hybrid plants to revert 
to their parent fonns ; but as it is 
not said how the flowers were 
protected from insects, it may be 
suspected that they wore often 
fertilised with pollen brought 
from a distance from the parent- 
species. 

§ * Kenntniss dor Befnichtung/ 
pp. 539, 550, 575, 57a 
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fectly pure plants, so that these flowers must have 
been fertilised by pollen brought by insects from a 
distance of between 500 and 600 yards.* It is of 
course possible that some of these 202 flowers might 
have been fertilised by pollen left accidentally in 
them when they were castrated ; but to show how 
improbable this is, I may add that Gartner, during the 
next eighteen years, castrated no less than 8042 flowers 
and hybridised them in a closed room ; and the seeds 
from only seventy of these, that is considerably less 
than 1 per cent., produced pure or unhybridised 
oftspring.f 

From the various facts now given, it is evident that 
most flowers are adapted in an admirable manner for 
cross-fertilisation. Nevertheless, the greater number 
likewise present structures which are manifestly 
adapted, though not in so striking a manner, for self- 
fertilisation. The chief of these is their henuaplirodite 
condition ; that is, their inclmling within the same 
corolla both the male and female reproductive organs. 
These often stand close together and are mature at 
the same time ; so that pollen from the same flower 
cannot fail to be deposited at the proper period on the 
stigma. There are also various details of structure 
adapted for self-fertilisation.t Such structures are 
best shown in those curious cases discovered by H. 
Muller, in which a species exists under two forms, — 
one bearing conspicuous flowers fitted for cross-fertilisa- 
tion, and the other smaller flowers fitted for self-fer- 

Hensobers ex]i€rimeiit8 two genera, and put on thoir 
(quoted by Gartner, * Keuntuiijs,' stigmaft either no pollen, or pollen 
&o., p. 574), whieh are worthless from distinct genera, yet they all 
in all other respects, likewise seeded, and all the seedlings raise^l 
show how largely flowers are in- from them were of course pure, 
tercrossed by insects. He oas- t * Kermtniss,* &c. pp. 555, 576. 
trated many flowers on thirty- % H. Miiller, * Dio Befruchtung,* 
seven species, belonging to twenty- &o. p. 448. 
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tilisation, with many parts in the latter slightly 
modified for this special purpose.* 

As two objects in most respects opposed, namely, 
cross-fertilisation and self-fertilisation, have in many 
cases to be gained, we can understand the co-existende 
in so many flowers of stnictures which appear at firlt 
sight unnecessarily complex and of an opposed nature. 
We can thus understand the great contrast in structure 
between cleistogamic flowers, which are adapted exclu- 
sively for self-fertilisation, and ordinary flowers on the 
same plant, which are adapted so as to allow of at least 
occasional cross-fertilisation.t The former are always 
minute, completely closed, with their petals more or 
less rudimentary and never brightly coloured ; they 
never secrete nectar, never are odoriferous, have very 
small anthers which produce only a few grains of pollen, 
and their stigmas are but little developed. Bearing 
in mind that some flowers are cross-fertilised by the 
wind (called anemophilous by Delpino), and others 
by insects (called entomophilous), we can further 
understand, as was pointed out by me several years 
ago,t the great contrast in appearance between these 
two classes of flowers. Anemophilous flowers resemble 
in many respects cleistogamic flowers, but differ widely 
in not being closed, in producing an extraordinary 

* Nature,* 1873, pp. 44, 438, the old nest. The fully-deve- 

f Fritz Mttller has discovered loped males and females are 

in the animal kingdom ( * Je- winged, and individuals from dis- 

naische Zeitschr.* B. iv. p. 451) tinot nests can hardly fail often 

a case curiously analogous to that to intercross. lu the act of 

of the plants which bear cleis- swarming they are destroyed in 

togamio and perfect flowers. He almost infinite numbers by a host 

Aids in the nests of Tennites, in of enemies, so that a queen may 

Brazil, males and females with oftem fail to enter an old nest; 

imperfect wings, which do not and tlien the imperfectly deve* 
leave the nests and propagate the loped males and females propagate 

species in a cleistogamic imxnner, and kef^p np the stoefle. 
butonly if a fully-developed queen % * Journal of Linn. Boc.* vol. 

after swarming does not enter vii. Bot. 1863, p. 77. 
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amount of pollen which is always incoherent, and 
ill the stigma often being largely developed or 
plumose. We certainly owe the beauty and odour of 
our flowers and the storage of a large supply of honey 
to the existence of insects. 

On the Relation between the Strvdure and Conspicuous- 
ness of FlotverSy the Visits of InsectSy and the Advan- 
tages of Cross-fertilisation. 

It has already been shown that there is no close 
relation between the number of seeds produced by 
flowers when crossed and self-fertilised, and the degree 
to which their offspring are affected by the two pro- 
cesses. I have also given reasons for believing that 
the inefficiency of a plant’s own pollen is in most cases 
an incidental result, or has not been specially acquired 
for the sake of preventing self-fertilisation. On the 
other hand, there can hardly be a doubt that dichogamy, 
which prevails according to Hildebrand* in the greater 
number of species, — that the heterostyled condition of 
certain plants, — and that many mechanical structures 
— have all been acquired so as both to check self- 
fertilisation and to favour cross-fertilisation. The 
means for favouring cross-fertilisation must have been 
acquired before those which prevent self-fertilisation ; 
as it would manifestly be injurious to a plant that 
its stigma should fail to receive its own pollen, 
unless it had already become well adapted for receiv- 
ing pollen from another individual. It should be 
observed that many plants still possess a high potver 
of self-fertilisation, although their flowers ai-e excel- 
lently constructed for cross-fertilisation — for instance, 
those of many papilionaceous species. 

• ‘ Die Gesohleohter Veitheilung/ &c. p, 82. 
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It may be admitted as almost certain that some 
structures, such as a narrow elongated nectary, or a 
long tubular corolla, have been developed in order 
that certain kinds of insects alone should obtain the 
nectar. These insects would thus find a store of nectar 
preserved from the attacks of other insects ; and 
they would thus bo led to visit frequently such 
flowers and to carry pollen from one to the other. 
It might perhaps have been expected that plants 
having their flowers thus peculiarly constructed would 
profit in a greater degree by being crossed, than 
ordinary or simple flowers; but this does not seem 
to hold good. Thus Tropseolum minus has a long 
nectary and an irregular corolla, whilst Limnanthes 
dougJmii has a regular flower and no proper nectary, 
yet the crossed seedlings of both species are to the 
self-fertilised in height as 100 to 79. Salvia coceinea 
has an irregular corolla, with a (mrious apparatus by 
which insects depress the stamens, while the flowers 
of Ipomcea are regular; and the crossed seedlings of 
the former are in height to the self-fertilised as 
100 to 76, whilst those of the Ipomcea are os 100 to 
77. Fagopyrum is heterostyled and Anagallis collina 
is homostyled, and the crossed seedlings of both are 
in height to the self-fertilised as 100 to 69. 

With all European plants, excepting the compara- 
tively rare anemophilous kinds, the possibility of 
distinct individuals intercrossing depends on the 
visits of inse<?ts; and H. Muller has proved by his 
valuable observations, that large conspicuous flowers 
are visited much more frequently and by many more 
kinds of insects, than are small inconspicuous flowers. 
He further remarks that the flow^ers which are rarely 

* Bee the interesting disenssion on this subject by H. MUller, 
* Die Befiruchtung,* &c. p. 431. 
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visited must he capable of self-fertilisatiou, otherwise 
they would quickly become extinct, * There is, how- 
ever, some liability to error in forming a judgment 
on this head, from the extreme difficulty of ascertain- 
ing whether flowers which are rarely or never visited 
during the day (as in the above given ease of Fmnaria 
oapreolaia) are not visited by small nocturnal Lepi- 
doptera, which are so numerous and are known to bo 
strongly attracted by sugar, t The two lists given in 
the early part of this chapter support Muller’s con- 
clusion that small and inconspicuous flowers are com- 
pletely self-fertile ; for only eight or nine out of the 
125 species in the two lists come under this head, and 
all of these were proved to be highly fertile uhen in- 
sects were excluded. The singularly inconspicuous 
flowers of the Fly Ophrys (0. mmdfera), as I have 
elsewhere shown, are rarely visited by insects ; and it 
is a strange instance of imperfejction, in contradiction 
to the alx)ve rule, that those flowers are not self-fertile, 
so that a large proportion of them do not produce seeds. 
The converse of the rule that plants bearing small 
and inconspicuous flowers are self-fertile, namely, that 
plants with large and conspicuous flowers are self- 
sterile, is far from true, as may be seen in our second 
list of spontaneously self-fertile species ; for this list 
includes such species as Ipoirma purpurea^ Adonis 
mstivalisj Verbascum thapms, Pismi sativum, Lathyrus 
odor atm, some species of Papaver and of Nymphaia, 
and others. 

The rarity of the visits of insects to small flowers, 


• * Bofrttclitung/ &c., p. 426. collector of NoctuaB, come very 
• Nature,* 1^3, p. 433. freely to augur, anti no doubt 

t In answer to a question by naturally visit flowers :** the * En- 
me, tho editor of an entomological toinologists* W eekly Intelligencer,* 

journal writes — ** The Depres- 1860, p. 103. 
aarisB, as is notorious to every 
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floes not depend altogetlicr on their inconspicuousness, 
but liko\^ ise on the absence of some suflScient attraction ; 
for the flowers of Trifolium orvense are extremely 
small, yet arc incessantly visited by hive and humble- 
bees, as are the small and dingy flowers of the 
asparagus. The flowers of Linaria cymhalaria are 
small and not very consj)icuous, yet at the proper time 
they are freely visited by hive-bees. I may add that, 
according to Mr. Ij(.*nnett,* there is another and quite 
distinct class of plants which cannot be much fre(]uented 
by insects, as they flower either exclusively or often 
during the winter, and these seem adapted for self- 
fertilisation, as they shed their pollen before the flowers 
expand. 

That many flow’ers have been rendered conspicuous 
for the sake of guiding insecds to them is highly 
probable or almost certain ; but it may bo asked, have 
other flowers been rendered inconspicuous so that they 
may not be frequently visited, or have they merely 
retained a former and primitive condition ? If a plant 
were much reduced in sisse, so probably would be the 
flowers through correlated growth, and this may Y>ossibly 
account for some cases ; but the corolla, as 1 have else- 
where shown (‘Different Forms of Flowers/ 1877, p. 
143), is also liable to be greatly reduced, through the 
direct action of unfavourable climate. Size and colour 
are both extremely variable characters, and it can 
hardly be doubted that if large and brightly-coloured 
flowers were afh anhigeous to any species, these could be 
acquired through natural selection within a moderate 
lapse of time. Papilionaceous flowers are manifestly 
constructed in relation to the visits of insects, and it 
seems improbable, from the usual character of the 


♦ ‘Nature,* 1869, p. 11. 
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grou]), that the prcgeuitors of tlio genera Yicia and 
Trildliinu pn^duced »neh minute and unattractive 
flowers as tliose of V. hirmta and T, lyrocumhens, W(‘ 
are thus led to iider that some plants either have not 
had thtdr flowers increased in size, or have actually 
had thorn r('du(*ed and purposcdy rcuidered ’ incoU' 
s})ieuous, so that they are now but little v5sitf‘d by 
iu'^(‘ets. In (‘it her case they must also hav(‘ mjuired 
or n‘tained a high d(‘gr(‘e of self-fertility. 

If it beeanu' from any eausi* advantage ‘cnis to a spe- 
(‘i(‘s to have its captivity for solf-fc^rtilisation ineretised, 
there is little diflieulty in believing tliat tliis eoiilJ 
r(‘adi!y be (‘fleeted; for thn^e (*ases of plants varying 
in bueli a niauiior as to be more tortile vitli tludr own 
pollen tlian tli(‘y originally wer(‘, oeeurr(*d in the 
(*ours(‘ of my few^ ex])erim<‘iits, naiii(*ly, with Mimulus, 
I jKTiuooa, and Ki(‘otiana. Nor is tliere any reason to 
doubt that many kinds of jdants are capable under 
ravourabl(‘ eircumstances of propagating themselves 
for vt'ry many g<uj(‘rations by S(‘lf-f(‘rtilisation. This 
is th(‘ case with the varieties of Pisum safivtcni and of 
Lailnjrmodoratm which arecniltivated in Eiigbnd, and 
witli Oplirys apifera and some other plants in a^stat(‘ 
of nature. Nev(‘rtludess, most or all of th(‘se plants 
retail^ structures in an eflieient state which cannot lx* 
of the legist use except for cross-fertilisation. We have 
also 8(‘(‘n reason to susp(^ct that self- fort ilisiitiou is in 
some peculiar manner ben(‘lieial’ to (‘ortain plants ; 
but if tliis be really the ease, the benefit thus derived 
is far more than * c‘ounterbalanc('d by fx (‘ross with a 
fresh stock or with a slightly difterenl variety. 

Notwithstanding the ^several considerations just 
advanced, it serins to mo highly improbahle that 
plants bearing small and inconspicuous flowers liave 
been or should contiinio to b' subjected to self" 

' 2 0 2 
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fertilisatioa for a long series of generations, I think 
so, not from the evil which manifestly follows from 
self-fertilisation, in many cases even in the first gene- 
ration, as with Viola tricolor ^ Sarothamnus, Nemo- 
phila, Cyclamen, &c. ; nor from the probability of the 
evil increasing after several generations, for on tJiis 
latter head I have not sufficient evidence, owing to the 
manner in which my experiments were conducted. But 
if plants bearing small and inconspicuous flowers were 
not occasionally intercrossed, and did not profit by the 
process, all their flowers would probably have been 
rendered cleistogamic, as they Avould thus have largely 
benefited by having to produce only a small quantity 
of safely-protected pollen. In coming to this con- 
clusion, I have been guided by the frequency with 
which plants belonging to distinct orders have been 
rendered cleistogamic. But I can hear of no instance 
of a species with all its flowers rendered permanently 
cleistogamic. Leersia makes the nearest approach to 
this state ; but as already stated, it has been known 
to produce perfect flowers in one part of Germany, 
Some other plants of the chustogamic class, for instance 
Aspicarpa, have failed to produce perfect flowers during 
several years in a hothouse ; but it does not follow that 
they would fail to do so in their native country, any 
more than with a V andellia and Viola, which with me pro- 
duced only cleistogamic flowers during certain years.* 
Plants belonging to this class commonly bear both 
kinds of flowers every season, and the perfect flowers 
of Viola canina vield fine capsules, but only when 
visited by bees. We have also seen that the seedlings 
of Ononis mimdmimay raised from the perfect flow^ers 
fertilised with pollen from another plant, were finer 

These cases are given in oh. viii, of my * Diifoient Forms of Flowers/ 
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than those from Belf-fertilised flowers; and this was 
likewise the case to a certain extent with Vandellia* 
As therefore no species which at one time bore perfect 
though small and inconspicuous flowers has had all its 
flowers rendered hleistogamic, I must believe that 
plants now bearing small and inconspicuous flowers 
profit by their still remaining open, so as to be occa- 
sionally intercrossed by insects. It has been one of 
tlie greatest oversights in my work that I did not 
experimentise on such flowers, owing to the difficulty 
of fertilising them, and to my not having seen the 
importance of the subject.* 

It should be rememl)ered that in two of the cases in 
which highly self-fertile varieties appeared amongst 
my experimental plants, namely, with Mimulus and 
Nicotiana, such varieties were greatly benefited by a 
cross with a fresh stock or with a slightly different 
variety; and this likewise wUvS tlie case with the 
cultivated varieties of Pisum sativum and Lathyrus 
ocloratuSy which have been long propagated by self- 
fertilisation. Therefore until the contrary is distinctly 
proved, I must believe that as a general rule small and 
inconspicuous flowers are occasionally intercrossed by 
insects ; and that after long-continued self-fertilisation, 

* Some of the species of Sola* On tlic other hand, the flowers of 
num would be ones for such the comniou jwtnto (S. tuberosum 
experiments, for they are said by thouojh they do not secrete nectar 
H. Muller (‘ Bofruettunjj/ p. 434) (Karr, * BtHioutnn^ der Nektu- 
to he unattractive to insects from rien/ 1833, p. 40 yet cannot be 
not secreting nectar, not pro<lucing considered as inconspicuous, and 
much fK)Uen, and not being very they <u*e sometimes visited by 
conspicuous^ Hence probably it l>ipterji (Muller) and, as X have 
is that, aewrding to Verlot (* Pro- seen, by humble-bees. Tinz- 
duotion des Voricte's,' 186‘5, p. 72), maun (as quoted in ‘filardenors* 
the varieties of *‘les aubergines Chronicle,* 1S4G, p. 183) found 
et les toinatos (species of Sola- that some of the varieties did not 
num) do not intereross when they bear seed when iertilis^ with 
are cultivated ni'ar together; but pollen from the same variety, but 
it flhouhl ^ remembcre<l that were fertile with that from an- 
those arc iiot endemic species, other variety. 
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if they are cros^cnl with pollen broi{^ht from n plant 
f^rov^ing uu(lei\ somewliat <]iflere:^t comlitioiiH, or 
cl< 4 seeiided from ono thni? growing, tlu'ir ofi spring 
would profit gr^ally. It cannot be admitted, under 
our present slate of knowledge, that sdf-fertilisation 
Contiiiuo<l during maiiy successive geiun-atioiis is ever 
the most bonelicial method of reproduction. 

The Means which favour or ensuve Flowers heinr/ fer- 
tiiised %mth Pollen from a distinct Plant . — We have seen 
in four cas(\s that se(‘dliiigs raised from a cross betwfvn 
flowers on the Siuin plant, evem on plants appearing 
dislimd from having l)(‘cn pro])agated by stc>lon« or(*ut- 
tings, wxTc not snp(‘rior to seedlings from sell-fertilised 
(lowers; and in a filth case (Digitalis) superior only 
in a sliglit degree. Ther(dt)r<» wo might expi^et that 
w ith plants growing in a state of njitun^ a cross Ixdwc'en 
th(^ flo\V(‘r.s on distinct individuals, and not in(‘r(dy 
lietween the (lowers (ni fhe same' plant, would g(*ii(*ralty 
or often Ik 3 ellected by some inoiius. The fact of Ixx^s 
and of some Diptera \isiting the Howlers of the same 
species as long as th(*y can, instcMid of ])rofais(Mionsly 
visiting various spf*cies. favonr>s tln^ iuter(*rossing of 
distinct plants. On the otlu^r hand, insects usually 
ft>earch a large nuinUT of Howits on th(» sjune plant 
bofon^ they lly to anolticu*, and this is opposed to cross- 
fertilisation. Tho ('xtraordinury numlKU* of flow'crs 
which bees are able to search within a v(‘ry short space 
of time, as will bo s\\om\ in a future ehapt(‘r, increases 
tlie chance of cross-fertilisation ; as does ' tho fact 
that they are not able to perceive without entering a 
flower whether other bees have exhausted tile nectar. 
Fpr instance, IT. Muller found* that four-fifths of the 


♦ ‘ Die BefrucIitxjDg/ p. 311. 
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flowers of Lamium dltmm wkicli a liumble-bee visited 
had been already exhausted of their nectar. In order 
that distinct plants should be intercrossed, it is of course 
indispensable that two or more individuals should giw 
near one another ; and this is generally the case. Thus 
A. do Candolle remarks that in ascending a mountain 
t\ii) individuals of the same species do not commonly 
disappear near its upper limit quite gradually, but 
rathcT abru])tly. This fact can hardly be explained 
by the nature of the conditions, as these graduate away 
in an insensible manner, and it probably depends in 
large part on vigorous seedlings being produced only 
as b^'gh up the mountain as many individuals can 
subsist togeth()r. 

With respect to dicecious plants, distinct individuals 
must always fertilise each other. With monoecious 
plants, as pollen has to be carried from flower to flower, 
there will always be a good chance of its being carried 
from plant to plant, Delpino has also observed * the 
curious fact that certain individuals of the monoecious 
widnut {Juijlam regia) are protorandrous, and others 
proterogynous, and tliescMvill reciprocally fertilise each 
other. 8o it is with the common nut (Corylus avellana)^^ 
aud, what is mure surprising, with some few her- 
maphrodite plants, as olierved by H. Muller^ These 
latter j)lants cannot fail to act on each other like 
dimorphic or trimorphic heterostyled species, in which 
the union of two individuals is necessary for full 
and normal fertility. With ordinary hermaphrodite 
species, the expansion of only a few flowers at the same 
time is one of the simplest means for favouring the 
intercrossing of distinct individuals; but this would 

X *Die IJofruchlLing,’ pp. 
285, 839. 


* ‘ lilt. CawiTazioni ’ &c., part 
ii. fa«e. ii. p. 337. 
t ‘Nature,’ 1875, p. 20. 
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render tke plants less conspicuous to insects, unless 
the flowers were of large size, as in the case of several 
bulbous plants, Kerner thinks * that it is for this 
object that the Australian Villaraia paniasmfoUa pro* 
duces daily only a single flower. Mr. Cheeseman also 
remarks, t that as certain Orchids in New Zealand 
which require insect-aid for their fertilisation bear only 
a single flower, distinct plants cannot fail to intercross. 
So it is with the Ameri(;an species of Orosera,! and, as 
I hear from Professor Caspary, with water-lilies. 

Dichogamy, which prevails so extensively throughout 
the vegetable kingdom, much increases the chance of 
distinct individuals iiitorcr()Ssing. With proterandrous 
species, which arc far more common than pro- 
terogyiious, the young flow^ers are exclusively male 
in function, and the older ones exclusively female; 
and as bees habitually alight low down on the spikes 
ol‘ fl(nvers in order to crawl upwards, they get dusted 
with pollen from the upper flowers, which they carry 
to the stigmas of the lower and older flow^ers on 
tlie next spike wdiich they visit. The degree to which 
distinct plants will thus bo intercrossed depends on 
tlie number of spikes in full flower at the same time 
on the same plant. With proterogynous flt^wers and 
with depending racemes, the manner in whuih insects 
visit tlie flowers ought to be reversed in order that 
distinct plants should be intercrossed. But this whole 
subject requires further investigation, as the great 
impurtamje of crosses between distinct individuals, 
instead of merely between distinct flowers, has hitherto 
been hardly recognised. 


^ * Die Bcliutzmittel/ &c. p. 23. work, in ‘ AiniTicun Journal of 

t ‘ Tranaaet. New Zealand In* Science, * vol. xiii., Feb. 1877, p. 

btitnte; vol V. 1873, p. 350. 135. 

% Asa Gray, in a review of this 
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In some few cases the special movements of certain 
organs almost ensure pollen being carried from plant 
to‘ plant. Thus with many orchids, the pollen-masses 
after becoming attached to the head or proboscis of an 
insect do not move into the proper position for striking 
the stigma, until ample time has elapsed for the insect 
to fly to another plant. With Spiranthes autumnalis, 
the pollen-masses cannot be applied to the stigma until 
the labelliim and rostellum have moved apart, and 
tliis movement is very slow.* With Posoqueria fra^ 
grans (one of the Rubiacca?) the same end is gained by 
the movement of a specially constructed stamen, as 
described by Fritz Muller. 

We now come to a far more general and therefore 
more important means by which the mutual fertilisation 
of distinct plants is effected, namely, the fertilising 
power of pollen from another variety or individual 
being greater than that of a plant’s own pollen. The 
simplest and best known case of jirepotent action 
in pollen, though it does not bear directly on our 
present subject, is that of a plant’s own pollen over that 
from a distinct species. If pollen from a distinct species 
be placed on the stigma of a castrated flower, and then 
after the interval of several hours, pollen from the same 
species bo placed on the stigma, the effects of the 
former are wholly obliterated, excepting in some rare 
cases. If two varieties are treated in the same manner, 
the result is analogous, though of a directly opposite 
nature ; for pollen from any other variety is often or 
generally prepotent over that from the same flower. I 
will give some instances : the pollen of Mimulus hvtem 
regularly falls on the stigma of its own flower, for the 


* ‘The Various Oontrivaucses Orchids are fertilised,' 1st edit, 

by which Uritish and Foreign p. 128. Second edit, 1877, p. 110, 



894 MEANS OF CROSS-FERTILISATION. Chap.X. 

plant is highly fertile when insects are excluded. Now 
several flowers on a remarkably constant whitish variety 
were fertilised without being castrated with pollen from 
a yellowish variety ; and of the twenty-eight seedlings 
thus raised, every one bore yellowish floweys, so that 
the pollen of the yellow variety com pletely overwhelmed 
that of the mother-plant. Agfiin, Iberis mihellcUa is 
spontaneously self-fertile, and I saw an abundance of 
pollen from their own flowers on the stigmas ; neverthe- 
less, of thirty seedlings raised from non- castrated flowers 
of a crimson variety crossed with pollen from a pink 
variety, twxmty-four bore pink flowers, like those of the 
male or pollen-bearing parent. 

In tliese two cases flowers were fertilised with pollen 
from a distinct variety, and this was shown to be 
prepotent by the character of the ofl8])ring. Nearly 
similar results often follow^ wdion two or more self-fertile 
varieties are allowed to grow near one another and are 
visited by insects. The common cabbage produces a 
large number of flow ers on the same stalk, and when 
insects are excluded these set many capsules, moderately 
rich ill seeds. I planted a white Kohl-rabi, a purple 
Kohl-rabi, a Portsr.outh broccoli, a Hriissels sprout, 
and a Sugar-loaf cabbage near together and left them 
uncovered, »Seeds (‘ollected from each kind were sown 
in separate Ixtih ; and the majority of the seedlings in 
all five beds were mongrelised in the most complicated 
manner, some taking more after one variety, and some 
after another. The effects of the Kohl-rabi were 
particularly plain in tao enlarged stems of many of the 
seedlings. Altogether 233 plants were raised, of which 
155 were mongrelised in the plainest manner, and of 
the remaining 78 not half were absolutely pure. I 
repeated the experiment by planting near together 
two varieties of cabbage with purple-green and w'hite- 
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jjieeii laciniated leaves; and of the 325 seedlings 
raised from the purple-green variety, 1C5 had white- 
green and 160 purple-green leaves. Of the 466 seed- 
lings raised from the white-green variety, 220 had 
piirple-green and 246 white-green leaves. These cases 
show how largcdy pollen from a neighbouring variety 
of the cabbage effaces the action of the plant’s own 
'pollen. We should bear in mind that pollen must be 
carried by the bees from flower to flow^cjr on the same 
large branching wStcin much more abundantly than 
from plant to plant; and in tlie case of plants the 
flo^vor8 of which are in some degree dichogamous, 
those on the same stem would be of different ages, and 
would thus be as ready for mutual fertilisation as the 
flowers on distinct plants, it not for the prepotency 
of j)ollen from another variety.* 

Several varieties of the radish (Btiphanus safivus), 
which is moderately self-fertile when insects are ex- 
cluded, vrcirti in flower at the same time in my garden. 
Seed w'as collected from one of them, and out of twenty- 
two seedlings thus raised only twelve were true to their 
kiud.t 

Tlie onion ])roduces a large number of flowers, all 
crowded logetlier into a large globular head, each 
flower having six stamens ; so that the stigmas receive 
plenty of pollen from their own and the adjoining 
anthers. Consequently the plant is fairly self-fertile 
when protected from insects. A blood-red, silver, 
globe and Spanish onion were planted near together ; 


^ A writer in the (rarcloners’ 
Chronicle’ (1855, p. 730) Bays 
that ho planted' tt Xmd of turnips 
(firm^ica ra}Ht) and of rai»e {B. 

oUmo tugctlier, and sowed 
the- seeds of the former. The 
u'bult was tlmt scarcely one seed- 


ling was true to its kind, and 
several closely resembhHi rnpe. 

t Puhanifd, as quoted by God- 
ron, ‘ J-)e rKsi^feoe,’ tom. i. p. 50, 
makes un oiialogoiis statement 
with res2)ect to tliis plant. 
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and seedlings were raised from each kind in four 
separate beds. In all the beds mongrels of various 
kinds were numerous, except amongst the ten seedlings 
from the blood-red onion, which included only two. 
Altogether forty-six seedlings were raised, of which 
thirty-one had been plainly crossed. 

A similar result is known to follow with the varieties 
of many other plants, if allowed to flower near together : 
I refer here only to species which are capable of 
fertilising themselves, for if this be not the ease, they 
would of course be liable to be crossed by any other 
variety growing near. Horticulturists do not commonly 
distinguish between the effects of variability and inter- 
crossing ; but I have collected evidence on the natural 
crossing of varieties of the tulip, hyacinth, anemone, 
ranunculus, strawberry, Leptoaiphan androsaceus^ orange, 
rhododendron and rhubarb, all of which plants I believe 
to be self-fertile * Much other indirect evidence could 
be given with respect to the extent to which varieties 
of the same species spontaneously intercross. 

Gardeners who raise seed for sale are compelled by 
dearly bought experience to take extraordinary pre- 
cautions against intercrossing. Thus Messrs. Sharp 


* With rcjspect to tulips and 
some othor flowers, see Godron, 

* De TEspeco,’ tom. i. p. 252. For 
anemonee, * Gard. Ohron.* 18511, 

98. For stm wherries, see Her- 
rt iu ‘Transact, of Hort. Soc* 
voL iv, p. 17. The same observer 
elsewhere 8pf;ak.s of tiie sponta- 
neous crossing of rhododt ndrons. 
Gallesio makes the sttino stato- 
jjiont with respect to oranges. I 
have myself known extensive 
crossing to occur with tlie common 
rliubarh ForLeptosiphon, Verlot 

* Variety/ 1865, p. 20. I have 
not included in my list the Car- 
nation, Nemophila, or Antir- 


rhinum, tlie varieties of wliich axe 
known to cross freely, btjcauso 
th<*sc plants are not always self- 
fertile. I know nothing about 
the self-fertUity of Trollins (Le- 
coq, ‘De la Feoondatioii,* 1802, 
p. 93), Mtthonio, and Oriniim, in 
which gcnrratbc sfieciesinkroross 
largely. With respect k > Mnhonia, 
it is now scarcely possible to pi-o- 
cuie in this country pure speci- 
mens of M. aquifolium or req^m ; 
and the various species of Criuum 
sent by Herlxxt (* AmarylJidacm,* 
p. 32) to Calcutta, crossed there 
so freely that pure se ed could not 
be saved. 
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‘‘ have land engaged in the growth of seed in no less 
than eight parishes.” The mere fact of a vast number 
of plants belonging to the same variety growing 
together is a considerable protection, as the chances 
are strong in favour of plants of the same variety inter- 
crossing ; and it is in chief part owing to this circum- 
stance, that certain villages have become famous for 
pure seed of particular varieties.* Only two trials 
were made by me to ascertain after how long an interval 
of time, pollen from a distinct variety would obliterate 
more or less completely the action of a plant’s own 
pollen. The stigmas in two lately expanded flowers on 
a variety of cabbage, called Bagged Jack, were wxdl 
cover'^d with pollen from the same plant. After an 
interval of twenty-three hours, pollen from the Early 
Barnes Cabbage growing at a dishince was placed on 
both stigmas; and as the plant W’as left uncovered, 
pollen from other flowers on the Bagged Jack would 
certainly have been left by the bees during the next 
two or three days on the same two stigmas. Under 
those circumstances it seemed very unlikely that the 
pollen of the Barnes cabbage would produce any effect ; 
but three out of the fifteen plants raised from the two 
capsules thus produced were plainly mongrelised : and 
I have no doubt that the twelve other plants were 
affected, for they grew much more vigorously than the 
self-fertilised seedlings from the Bagged Jack planted 
at the same time and under the same conditions. 
Secondly, I placed on several stigmas of a long-styled 
cowslip {Primula veris) plenty of pollen from the same 
plant, and after twenty-four hours added some from a 
short-styled dark-red Polyanthus, which is a variety of 

* With respect to Messrs. Sharp, p. S23. Lindley’s* Theory of Hor- 
seo ‘Gardeners^ Chrotiiclo,* 185G, ticulture,* p. 319. 
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the cowslip. From the flo^vors thus treated thirty 
seedlings were raised, and all these without exception 
bore reddish flowers ; so that the efiect of the plant’s 
own pollen, though placed on the stigmas twenty- 
four hours previously, was quite destroyed by that of 
the red variety. It should, however, be observed that 
these plants are heterostyled, and that the second union 
was a legitimate one, whilst the first was illegitimate ; 
but flowers illegitimately fertilised with their own pollen 
yield a moderately fair supply of seeds. 

We have hitherto considered only the prepotent 
fertilising po\^’er of pollen from a distinct variety over 
a plant’s own pollen, — both kinds of pollen being 
placed on the same stigma. It is a much more re* 
markable fact that pollen from another individual of 
the same variety is prepotent over a plant’s ow n pollen, 
as shown by the superiority of the seedlings raised 
from a cross of this kind over seedlings from self- 
fertilised flowers. Thus in Tables A, B, and C, there 
are at least fifteen species which are self-fertile when 
insects are excluded ; and this implies that their stigmas 
must receive their own pollen ; nevertheless, most of 
the seedlings which were raised by fertilising the non- 
castrated flowers of these fifteen species with pollen 
from another plant were greatly superior, in height, 
weight, and fertility, to the self-fertilised offspring.* 
For instance, with Ipomoea purpti/rea every single inter- 
crossed plant exceeded in height its self-fertilised 
opponent until the sixth generation ; and so it was 
with Mimulua luiem until the fourth generation. Out 
of six pairs of crossed and self-fertilised cabbages, every 

♦ These fifteen species consist of fyormea purpurea, Mimidm hitemy 
BraB9ica oleracea^ limeda odoraia Calceohriay Verbaseum thapsudy 
and tutfiay Limnanilm dougla»i 't Vanddlia nuvmulari/diay Lac* 
Papaper vagum, Vittearia ocukLia^ tuoa eativay and Zea mayn* 

Beta ; vulgaru, Lupinus luteugy 
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one of the former was much heavier than the latter. 
With Papaver vaguni^ out of fifteen pairs, all but 
two of the crossed plants were taller than iheir self- 
fertilised opponents. Of eight pairs of Lupinus luteus^ 
all but two of the crossed were taller ; of eight pairs 
of Beta vulgaris all but one ; and of fifteen pairs of Zea 
viays all but two were taller. Of fifteen pairs of Lim- 
nantlm douglasiiy and of seven pairs of Lactuca sativa, 
every single crossed plant was taller than its self-fer- 
tilised opponent. It should also be observed that in 
these experiments no particular care was taken to cross- 
fertilise the flowers immediately after their expansion ; 
it is therefore almost certain that in many of these 
cases some ptjllen from the same flower will have 
already fallen on and acted on the stigma. 

There can hardly be a doubt that several other 
species of which the crossed seedlings are more 
vigorous than the self-fertilised, as shown in Tables A, 
B, and C, besides the above fifteen, must have received 
their own pollen and that from another plant at nearly 
the same time ; and if so, the same remarks as those 
just given are applicable to them. Scarcely any result 
from my experiments has surprised me so much as this 
of the prepotency of pollen from a distinct individual 
over each plant’s own pollen, as proved by the greater 
constitutional vigour of the crossed seedlings. The 
evidence of prepotency is here deduced from the com- 
parative growth of the two lots of seedlings ; but we 
have similar evidence in many cases from the much 
greater fertility of the non-castrated flowers on the 
mother-plant, when these received at the same time their 
own pollen and that from a distinct plant, in comparison 
with the flowers which received only their own pollen. 

From the various facts now given on the spontaneous 
intercrossing of varieties growing near together, and on 
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the effects of cross-fertilising flowers which are self- 
fertile and have not been castrated, we may conclude 
that pollen brought by insects or by the wind from 
a distinct plant will generally prevent the action of 
pollen from the same flower, even though it may have 
been applied some time before; and thus the inter- 
crossing of plants in a state of nature will be greatly 
favoured or ensured. 

The case of a great tree covered with innumerable 
hermaphrodite flowers seems at first sight strongly 
opposed to the belief in the frequency of intercrosses 
between distinct individuals. The flowers which grow 
on the opposite sides of such a tree will have been 
exposed to somewhat different conditions, and a cross 
between them may perhaps be in some degree beneficial; 
but it is not probable that it would be nearly so bene- 
ficial as a cross between flowers on distinct trees, as we 
may infer from the inefiiciency of pollen taken from 
plants which have been propagated from the same 
stock, though growing on separate roots. The number 
of bees which frequent certain kinds of trees when in 
full flower is very great, and they may l>e seen flying 
from tree to tree more frequently than might have 
been expected. Nevertheless, if w^e consider how 
numerous are the flowers on a great tree, an incom- 
parably larger number must be fertilised by pollen 
brought from other flowers on the same tree, than from 
flowers on a distinct tree. But we should bear in mind 
that with many species only a few flowers on the same 
peduncle produce a seed; and that these seeds are 
often the product of only one out of several ovules 
within the same ovarium. Now we know from the 
experiments of Herbert and others'^ that if one flower 

♦ ‘Variation under Domestication,* ch. xviL 2ud edit. vol. ii p. 120. 
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is fertilised with pollen which is more efficient than 
that applied to the other flowers on the same peduncle, 
the latter often drop off ; and it is probable that this 
would occur with many of the self-fertilised flowers 
on a large tree, if other and adjoining flowers were 
cross-fertilised. Of the flowers annually produced 
by a great tree, it is almost certain that a large 
number would be self-fertilised; and if we assume 
that the tree produced only 500 flowers, and that this 
number of seeds were requisite to keep up the stock, 
so that at least one seedling should hereafter struggle 
to maturity, then a large proportion of the seedlings 
would necessarily be derived from self-fertilised seeds. 
But L the tree annually produced 50,000 flowers, of 
which the self-fertilised dropped off without yielding 
seeds, then the cross-fertilised flowers might yield 
seeds in sufficient number to keep up the stock, and 
most of the seedlings would be vigorous from being 
the product of a cross between distinct individuals. 
In this manner the production of a vast number of 
flowers, besides serving to entice numerous insects and 
to compensate for the accidental destruction of many 
flowers by spring-frosts or otherwise, would be a very 
great advantage to the species ; and when we behold 
our orchard-trees covered with a white sheet of bloom 
in the spring, we should not falsely accuse nature of 
wasteful expenditure, though comparatively little fruit 
is produced in the autumn. 

Anemophilous Plants , — The nature and relations of 
plants which are fertilised by the wind have been 
admirably discussed by Delpino* and H. Muller ; and 

* Delpino, ‘Ult, Oaservazioni nageio anemofilo,* &c. 1871. H. 
sulla Dioogamia,’ part ii. faso. i Miiller, ‘Die Befruchtting,' &c. 
1870; and *Studi sopra un Lig- pp. 412, 442. Both theme author# 

2 D 
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I have abeady made some remarks on the structure of 
their flowers in contrast with those of entomophilous 
species. There is good reason to believe that the first 
plants which appeared on this earth were cryptogaraic ; 
and judging from what now occurs, the male fertilising 
element must either have possessed the power of spon- 
taneous movement through the water or over damp 
surfaces, or have been carried by currents of water to 
the female organs. That some of the most ancient 
plants, such as ferns, possessed true sexual organs there 
can hardly be a doubt ; and this shows, as Hildebrand 
remarks,* at how early a period the sexes w^ere separated. 
As soon as plants became phanerogamic and grew on 
the dry ground, il‘ they were ever to intercross, it would 
be indispensable that the male fertilising element 
should be transported by some means through the 
air ; and the wind is the simplest means of transport. 
There must also have been a period w^hen winged 
insects did not exist, and plants would not then have been 
rendered entomophilous. Even at a somewhat later 
period the more specialised orders of the Hymenoptera, 
Lepidoptera, and Diptera, which are now chiefly con- 
cerned with the transport of pollen, did not exist. 
Therefore the earliest terrestrial plants known to us, 
namely, the Coniferae and Cycadeae, no doubt were ane- 
mophilous, like the existing species of these same 
groups. A vestige of this early state of things is 
likewise shown by some other groups of plants which 
are anemophilous, as these on the w'hole stand lower 
in the scale than entomophilous species. 


remark that plants must have came noctariferons and gradually 
been anemophilous before they acquired thoir present structure 
were entomopliilous. H. Miiller through successive beneficial 
further discusses in a very in- changes. 

teresting manner the stejm by ♦ ‘ Die Geschleehter-Vertheil- 
whicli entomophilous flowers b^ ung,’ 1867 , pp. 
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There is no groat diflSculty in understanding how an 
anemophilous plant might have been rendered entomo- 
philous. Pollen is a nutritious substance, and would 
soon have been discovered and devoured by insects ; 
and if any adhered to their bodies it would have been 
carried from the anthers to the stigma of the same 
flower, or from one flower to another. One of the chief 
characteristics of the pollen of anemophilous plants 
is its incoherence ; but pollen in this state can adhere 
to the hairy bodies of insects, as wo see with some 
Leguminosa3, Ericaceae, and Melastomaceoe. We have, 
however, better evidence of the possibility of a tran- 
sition of the above kind in certain plants being now 
fertilised partly by the wind and partly by insects. 
The common rhubarb {Rlieum rhaponticum) is so far 
in an intermediate condition, that 1 have seen many 
Dipterii sucking the flowers, with much pollen adhering 
to their bodies; and yet the pollen is so incoherent, 
that clouds of it are emitted if the plant be gently 
shaken on a sunny day, some of which could hardly 
fail to fall on the large stigmas of the neighbouring 
flowers. According to Delpino and H. Muller,* some 
species of Plantago are in a similar intermediate 
condition. 

Although it is probable that pollen was aboriginally 
the sole attraction to insects, and although many 
plants now exist whose flowers are frequented exclu- 
sively by pollen-devouring insects, yet the great 
majority secrete nectar as the chief attraction. Many 
years ago I suggested that primarily the saccharine 
matter in nectar was excreted t as a waste product of 
chemical changes in the sap ; and that when the ex- 

* BieBefnichtunp:/ &o. p. 342. excretion, as stated by Martinet 

t Nectar was regarded by in*Annal. desSo. Nat.’ 1872, tom. 
De Candolle and Donol as an xiv. p. 211. 


2 D 2 
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cretion happened to occur within the envelopes of a 
flower, it was utilised for the important object of 
cross-fertilisation, being subsequently much increased 
in quantity and stored in various ways. This view 
is rendered probable by the leaves of some trees ex- 
creting, under certain climatic conditions, without the 
aid of special glands, a saccharine fluid, often called 
honey-dew. This is the case with the leaves of the 
lime; for although some authors have disputed the 
fact, a most capable judge, Dr. Maxwell Masters, 
informs me that, after having heard the discussions on 
this subject before the Horticultural Society, he feels 
no doubt on this head. Prof. H. Hoffmann has lately 
(1876) described the case of the leaves of a young 
camellia secreting profusely, without the possibility of 
the intervention of aphides. The leaves, as well as 
the cut stems, of the manna ash {Fraxinus ormis) 
secrete in a like manner saccharine matter.^ According 
to Treviranus, so do the upper surfaces of the leaves 
of Cardv/us aretioides during hot weather. Many ana- 
logous facts could be given.t There are, however, 
a considerable number of plants which bear small 
glands X on their leaves, petioles, phyllodia, stipules, 


* ‘Gard. Cbron.' 1876, p, 242. 
t Ktut, ‘ UntersucUtmf^^en ub«r 
die Bedeiitnng der NeKtarien,* 
1833, p. 115. 

X A large number of cases are 
given 1^ Belpino in the ‘Bul- 
ktino Entomologico,* Anno vi, 
1874. To these may be added 
those given in my text, os well 
as the excretion of saccharine 
matter from the calyx of two 
species of Iris, and from the brao- 
teie of certain Orchide« : see Kurr, 
‘ Bedentung der Nektarien,’ 1833, 
pp. 25, 28. Belt also refers (‘ Ni- 
caragoa,* p. 224) to a similar 


excretion by many epiphytal or- 
chids and passion-flowers. Mr. 
Ilodgers has seen much nectar 
secreted from the bases of the 
flower-peduncles of Vanilla. Link 
says that the only example of a 
hj^petalous nectary known to 
him is oxlomally at the base of 
the flowers of CMronia deemeata : 
see * Keports on Botany, Bay So- 
ciety,’ 1846, p. 355. An impor- 
tant memoir bearing on this su^ 
ject has lately appeared by Eeinke 
(‘Gottingen Nooliriohten,’ 1873, 
p. 825), who shows that in many 
plants the tips of the serrations 
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bracteee, or flower peduncles, or on the outside of their 
calyx, and these glands secrete minute drops of a sweet 
fluid, which is eagerly sought by sugar-loving insects, 
such as ants, hive-bees, and wasps. In the case of 
the glands on the stipules of Vicia sativa, the excre- 
tion manifestly depends on changes in the sap, con- 
sequent on the sun shining brightly ; for I repeatedly 
observed that as soon as the sun was hidden behind 
clouds the secretion ceased, and the hive-bees left the 
field ; but as soon* as the sun broke out again, they 
returned to their feast.* I have observed an analogous 
fact ^vith the secretion of true nectar in the flowers of 
Lobelia erinus. 

Delpino, however, maintains that the power of 
secreting a sweet fluid by any extra-floral organ has 
been in every case specially gained, for the sake of 
attracting ants and wasps as defenders of the plant 
against their enemies; but I have never seen any 
reu-son to believe that this is so with the three species 
observed by me, namely, Prunus laurocerasus, Vicia 
sativa, and F. faha. No plant is so little attacked by 
enemies of any kind in this country as the common 
bracken-fern {Pteris aquilina); and yet, as my son 


on tho leaves in the bud bear 
glands which secrete only at a 
very early age, and which have 
the same morphological structure 
as true nectar-secreting glands. 
He further shows that the nectej- 
secreting glands on the petioles 
of Prunus avium are not deve- 
loped at a very early age, yet 
wither away on the old loaves. 
They are homologous with those 
on tiio sorrationa of the blades of 
the same leaves, as shown by 
their structure and by transition- 
forms; for the lowtjst serrations 
on the blades of most of the leaves 
gecrcte nectar instead of resin 


(harz). 

* 1 published a brief notice of 
this CAse in tho ‘ Gard. Chronicle,* 
1855, July 21, p. 487, and after- 
wards made further observations. 
Besides the hive-bee, another 
species of bee, a moth, ants, and 
two kinds dies sucked the 
drops of fluid on the stipules. 
The larger drops tasted s^vcet, 
The hivo-bot‘8 never even looked 
at the ilowers which wore open 
at the same time; whilst two 
species of humble-het‘8 neglected 
tho stipules and visited only the 
flowers. 
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Francis lias discovered, the large glands at the bases 
of the fronds, but only whilst young, excrete much 
sweetish fluid, which is eagerly sought by innumerable 
ants, chiefly belonging to Myrmica; and these ants 
certainly do not here serve as a protection against any 
enemy. In S. Brazil, however, ants attracted by the 
secretion to this plant, defend it, according to Fritz 
Muller,^ against other leaf-devouring and highly de- 
structive ants; so that, if this fern originated in tropical 
S. America, the capacity of secretion may have been 
acquired for this special purpose. Delpino argues 
that sugar-secreting glands ought never to be con- 
sidered as merely excretory, because if they were so, 
they would be present in every species ; but I cannot 
see much force in this argument, as the leaves of some 
plants excrete sugar only during certain states of the 
weather. That in some cases the secretion serves to 
attract insects as defenders of the plant, and may have 
been developed to a high degree for this special 
purpose, I have not the least doubt, from the observa- 
tions of Delpino, and more especially from those of 
Mr. Belt on Acacia sphferocepJtala^ and on passion- 
flowers. This acacia likewise produces, as an additional 
attraction to ants, small bodies containing much oil 
and protoplasm, and analogous bodies are developed 
by a Oecropia for the same purpose, as described by 
Fritz Muller.f 

The excretion of a sweet fluid by glands seated 


* See a letter in * Nat ire,* Jimo Aciicia. With respect to the Ce- 
1877, p, 100, by my son Francis, cropia, bog ‘Nature,* 1876, p. 304. 
wiih interesting extracts from a My son Francis has desoribetl the 
letter by Fritz Muller. microscopical structure and deve- 

t Mr. Kelt has given a most lopraent of the.se wonderful food- 
in terestini^ account i,‘The Natu- iKxiies in a paper read before the 

ralist in Nicaragua,’ 1874, p. 218) Linnean Society. Bot. vol, xv. 

of the paramount importance of p. 308. 
as defeuderB of the above 
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outside of a flower is rarely utilised as a means for 
cross-fertilisation by the aid of insects ; but this is the 
case with several species of Euphorbia and with the 
brax'.teae of the Marcgraviaceee, as the late Dr. Criiger 
informed me from actual observation in the West 
Indies, and as Delpino inferred with much acuteness 
from the relative position of the several parts of their 
flowers.* * * § Mr, Farrer has also shown f that the flowers 
of Ooronilla are curiously modified, so that bees may 
fertilise them whilst sucking the fluid secreted from 
the outside of the calyx. With one of Malpighiacea3, 
bees gnaw the glands on the calyx, and in doing so 
get their abdomens dusted wdth pollen, which they 
carry to other flowers.J It further appears probable 
from the observations of Rev. W. A. Leighton, that the 
fluid so abundantly secreted by glands on the phyllodia 
of the Australian Acacia maffnijimf which stand near 
the flowers, is connected with their fertilisation. § 

The amount of pollen produced by anemophilous 
plants, and the distance to which it is often trans- 
ported by the wind, are both surprisingly great. Mr. 
Hassall found, as before stated, that the weight of 
pollen produced by a single plant of the bulrush 


* *Ult. OsBervaz. Dicogamia,’ 
18()8-«9, p. 1S8. 

t ‘Nature; 1874, p. 169. 

j Ah describoil by Fritz Muller 
iu ‘Nature/ Nov. 1877, p, 28. 

§ ‘Anuals aud Mag. of Nat. 
Hist.' vol. xvi, 1865, p. 14. In 
my work on the ‘ Fertilisation of 
Orchids/ and in a pai>er subso- 
queritly publifthed in the ‘ Annals 
and Mag. of Nfit, History,' it has 
been shown that although certain 
kinds of orchids possess a nectary, 
no nectar is actually secreted by 
it ; but that insects penctmte the 
inner walls aud suck the fluid 


contained in the intercellular 
spaces. I full her suggested, in 
the (^e of some other orchids 
which do not secrete nectar, that 
insects gnawed the labellum ; and 
this suggestion has since been 
proved true. JI. Muller aud Del- 
pino have now sliown that some 
other plants have thickened pe- 
tals which are sucked or gnawed 
by instHjts, their fertilisation being 
thus aided. All the known facts 
on this head have been collected 
by Delpino in his *Ult. Osserv.’ 
part ii. faso. ii. 1875, pp. 59-63. 
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(Typha) was tiA grains. Bucketfuls of pollen, chiefly 
of Ooniferoe and Oraminese, have been swept off the 
decks of vessels near the North American shore; 
and Mr. Riley has seen the ground near St. Louis, 
in Missouri, covered with pollen, as if sprinkled with 
sulphury and there was good reason to believe that 
this had been transported from the pine-forests at 
least 400 miles to the smith. Kemer has seen the 
snow-fields on the higher Alps similarly dusted ; and 
Mr. Blackley found numerous pollen-grains, in one 
instance 1200, adhering to sticky slides, which were 
sent up to a height of from 500 to 1 000 feet by means 
of a kite, and then uncovered by a special mechanism. 
It is remarkable that in these experiments there 
were on an av(irage nineteen times as many pollen- 
grains in the atmosphere at the higher than at the 
lower levels.* Considering these facts, it is not so 
surprising as it at first appears that all, or nearly all 
the stigmas of anemophftous plants should receive 
pollen brought to them % mere chance by the wind. 
During the early part of summer every object is thus 
dusted with pollen; for instance, I examined for 
another purpose the labella of a large number of 
flowers of the Fly Ophrys (which is rarely visited by 
insects), and found on all very many pollen-grains of 
other plants, which had been caught by their velvety 
surfaces. 

The extraordinary quantity and lightness of the 

♦ For Mr. Hassalla obsorva- Kernor, ‘Die Schutzmittel des 
timiB see * Annals and Mag. of Pollens/ 1873, p. 6. This author 
Nat. Hist.' vdI. viii. 1842, p. 108. has also seen a lake in the Tyrol 
In the ‘ North American Journal so covered "with pollen, that the 
of Science,' Jan. 1842, there is an water no longer appeared blue, 
account of the pollen swept off Mr. Blackley, ‘ Experimental Be- 
the decks of a vessel. Kiley, searches on Hay*fever/ 1873, 
* Fifth Beport on the Noxious pp. 132, 141-152. 

Insects of Missouri/ 1873, p. 86. 
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pollen of anemophilous plants are no doubt both 
necessary, as their pollen has generally to be carried 
to the stigmas of other and often distant flowers ; for, 
as we shall soon see, most anemophilous plants have 
their sexes separated. The fertilisation of these plants 
is generally aided by the stigmas being of large 
size or plumose ; and in the case of the Coniferae, 
by the naked ovules secreting a drop of fluid, as 
shown by Delpino. Although the number of ane- 
mophilous species is small, as the author just quoted 
remarks, the number of individuals is large in com- 
parison with that of entomophilous species. This 
holds good especially in cold and temperate regions, 
where insects are not so numerous as under a warmer 
climate, and where consequently entomophilous plants 
are less favourably situated. We see this in our 
forests of Coniferm and other trees, such as oaks, 
beeches, birches, ashes, &c. ; and in the Gramineee, 
Cyperacefls, and Juncaceae, which clothe our meadows 
and swamps ; all these trees and plants being fertilised 
by the wind. As a large quantity of pollen is wasted 
by anemophilous plants, it is surprising that so many 
vigorous species of this kind abounding with individuals 
should still exist in any part of the world ; for if they 
had been rendered entomophilous, their pollen would 
have been transported by the aid of the senses and 
appetites of insects with incomparably greater safety 
than by the wind. That such a conversion is possible 
can hardly be doubted, from the remarks lately made 
on the existence of intermediate forms; and apparently 
it has been effected in the group of willows, as we niay 
infer from the nature of their nearest allies.*^ 

It seems at first sight a still more surprising fact 


H. Miillor, ‘Die Bofruchtung,* Ac. p. 149. 
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that plants, after having been once rendered entomo- 
philous, should ever again have become anemophilous ; 
but this has occasionally though rarely occurred, for 
instance, with the common Poterium sanguisorbuy as may 
be inferred from its belonging to the Kosaceae. Such 
cases are, however, intelligible, as almost all plants 
require to be occasionally intercrossed; and if any 
entomophilous species ceased altogether to be visited 
by insects, it would probably perish unless it were 
rendered anemophilous, or acquired a full capacity for 
self-fertilisation ; but in this latter case we may 
suspect that it would be a])t to suffer from the long- 
continued want of cross-fertilisation. A plant would 
be neglected by insects if nectar failed to be secreted, 
unless indeed a large supply of attractive pollen was pre* 
sent ; and from what we have seen of the excretion of 
saccharine fluid from leaves and glands being largely 
governed in several cases by climatic influences, and 
from some few flowers which do not now secrete nec- 
tar still retaining coloured guiding-marks, the failure 
of the secretion cannot be considered as a very im- 
probable event. The same result would follow to a 
certainty, if winged insects ceased to exist in any 
district, or became very rare. * Now there is only 
a single plant in the great order of the Cruciferae, 
namely, Pringlea, which is anemophilous, and this 
plant is an inhabitant of Kerguelen Land,"^ where 
there are hardly any winged insects, owing probably, 
as was suggeste l by me in the case of Madeira, 
to the risk which they run of being blown out to sea 
and destroyed. 

A remarkable fact with respect to anemophilous 
plants is that they are often diclinous, that is, they are 

♦ The Eev. A. E. Eaton in * Proc. Royal Soo.’ vol. xxiii. 1875, p. 351. 
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either moncecioiis with their sexes separated on the 
same plant, or dioecious with their sexes on distinct 
plants. In the class Monoecia of Linnaous, Delpino 
shows* that the species of twenty-eight genera are 
anemophilous, and of seventeen genera entomophilous. 
In the class Dioecia, the species of ten genera are 
anemophilous and of nineteen entomophilous. The 
larger proportion of entomophilous genera in this 
latter class is probably the indirect result of insects 
having the power of carrying pollen to another and 
sometimes distant plant much more securely than the 
wind. In the above two classes taken together there 
are thirty-eight anemophilous and thirty-six ento- 
mophilous genera; whereas in the gieat mass of 
hermaphrodite plants the proportion of anemophilous 
to entomophilous genera is extremely small. The 
cause of this remarkable difference may be attributed 
to anemophilous plants having retained in a greater 
degree than the entomophilous a primordial condi- 
tion, in which the sexes were separated and their 
mutual fertilisation effected by means of the wind. 
That the earliest and lowest members of the vegetable 
kingdom had their sexes separated, as is still the case 
to a large extent, is the opinion of a high authority, 
Nageli.f It is indeed difficult to avoid this con- 
clusion, if we admit the view, which seems highly 
probable, that the conjugation of the Algae and of 
some of the simplest animals is the first step towards 
sexual reproduction ; and if we further bear in mind 
that a greater and greater degree of differentiation 
between the cells which conjugate can be traced, 
thus leading apparently to the development of the 

* * Studi sopm an Lignaggio t ‘ Entetehung and Begriff der 
anemodlo delle Oomposltno,’ 1871. natnrliiat. Art,* 1806, p. 22. 
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two sexual forms.* We have also seen that as 
plants became aflixed to the ground and were more 
highly developed so as to be rendered phanerogamic, 
they would be compelled to be anemophilous in 
order to intercross. Therefore all plants which have 
not since boon greatly modified, would tend still to 
be both diclinous and anemophilous; and we can 
thus understand the connexion between these two 
states, although they appear at first sight quite dis- 
connected. If this view is correct, plants must have 
been rendered hermaphrodites at a later though still 
very early period, and entomophilous at a yet later 
period, namely, after the development of winged insects. 
So that the relationship between hermaphroditism and 
fertilisation by means of insects is likewise to a certain 
extent intelligible. 

Why the descendants of plants which were originally 
dioecious, and which therefore profited by always inter- 
crossing with another individual, should have been 
converted into hermaphrodites, may perhaps be ex- 
plained by t|io risk which they ran, especially as long as 
they were anemophilous, of not being always fertilised, 
and consequjcntly of not leaving oifspring. This latter 


* See the ijitcresting discus- 
tion on this whole subject by O. 

BUtechli in hi8**Studien liber die 
ersten Entwickedungsvorgange der 
Eizelle,' &c. 1876, pp. 207-219. 
Also, Br. A. Bodel, Die Kraus- 
haar-Alge.*' ‘ Prlogsheims dahrb. 
f. wise. ]^t.’ X. Also, En- 
gelmann, “Ueber Entwickelung 
von Iiifusorien,*' ‘Morpliol. ,Jnhr- 
buch,* B. i. p» 578. An abstract 
of this important memoir has 
appeared in * Ajrchives de Zoolog, 
experiment!de,^|Tom. v. 1876. p. 
xxxiii. EngeJmann enncludes 
that the oonji^aticm of various 


Infusoria, whether permanent or 
temporary (in this latter case 
called by him copulation) does not 
lead to the development of true 
ova, b it to the reorganisation or 
rejuvenescence of the individual. 
There seems to be a close analogy 
in such a result with that whicii 
follows from the union of t!te 
male and female elements of dis- 
tinct plants, for the seedlings thus 
raised may be said to show re- 
generation or rejuvenescence in 
their greatly increased constitu- 
tional vigour. 
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evil, the greatest of all to any organism, would have 
been much lessened by their becoming hermaphrodites, 
though with the contingent disadvantage of frequent 
self-fertilisation. By what graduated steps an herma- 
phrodite condition was acquired we do not know. But 
we can see that if a lowly organised form, in which 
the two sexes were represented by somewhat different 
individuals, were to increase by budding either before 
or after conjugation, the two incipient sexes would 
be capable of appearing by buds on the same stock, 
as occasionally occurs with various characters at the 
present day. The organism would then be in a 
monoecious condition, and this is probably the first 
step towards hermaphroditism ; for if very simple 
male and female flowers on the same stock, each con- 
sisting of a single shimen or pistil, were brought close 
together and surrounded by a common envelope, in 
nearly the same manner as with the florets of the 
Compositse, we should have an hermaphrodite flower,* 

There seems to be no limit to the changes which 
organisms undergo under changing conditions of life ; 
and some hermaphrodite plants, descended as I am led 
to believe from aboriginally diclinous plants, have had 
their sexes again separated. That this has occurred, 
we may infer from the presence of rudimentary stamens 
in the flowers of some individuals, and of rudimentary 
pistils in the flowers of other individuals, for example 
in Lychnis dioica. But a conversion of this kind will 

♦ Mr. W. Thiseltou Dyer, in a isma much lower in the scale then 
very able review of thia work Ferns or Selaginella. Mr. Dyer 

Nature,' Feb. 1877, p. 829), adds that my notion of very 

iakGB an exactly opposite view, simple male and female flowers 
and advances weighty arguments being brought together and sur- 
in favour of the belief that all rounded by a common envelope, 
plants were aboriginally her- offers very oonsidorablo morpho- 
maphrodites. I wiU only remark logical difflculties. 
that 1 had in my mind organ- 
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not have occtirred unless cross-fertilisation was already 
assured, generally by the agency of insects ; but why 
the production of male and female flowers on distinct 
plants should have been advantageous to the species, 
cross-fertilisation having been previously assured, is 
far from obvious. A plant might indeed produce twice 
as many seeds as were necessary to keep up its numbers 
under new or changed conditions of life ; and if it did 
not vary by bearing fewer flowers, and did vary in the 
state of its reproductive organs (as often occurs under 
cultivation), a wasteful expenditure of seeds and pollen 
would be saved by the flowers becoming diclinous. 

A related point is worth notice. I remarked in my 
Origin of Species that in Britain a much larger pro- 
portion of trees and bushes than of herbaceous plants 
have their sexes separated ; and so it is, according to 
Asa Gray and Hooker, in North America and New 
Zealand,^ It is, however, doubtful how far this rule 
holds good generally, and it certainly does not do so 
in Australia. But I have been assured that the flowers 
of the prevailing Australian trees, namely, the 
Myrtacem, swarm with insects, and if they are dicho- 

^ * I find in the ‘London Cata- ing to thirty-five families. Of 

logne of British Plants,' that there these 108 trt'os, fifty-two, or 

are thirty-two indigenous trees very nearly half, have their sexes 

and bushes in Great Brittdn, more or loss separated. Of bushes 

classed under nine families; but there are 149, of which sixty- 

to err on the safe side, I have one have their sexes in the same 

counted only six species of wil- state; whilst of the remaining 

lows. Of the thirty-two trees and 500 herbaceous plants only 121, 

bushes, nineteen, or more than or loss timn a fourth, have their 

half, have their sexes separated ; sexes 8epari\t.ed. Lastly, Prof, 

and this is an enormous proper- Asa Gray infoims me that in the 

tion compared with other British United States there are 132 native 

plants. New Zealand abounds trees (belonging to twenty-five 

with diclinous plants and trtres ; families) of which ninety-five (be- 

and Dr. Hooker calculates that longing to seventeen families) 

out of about 756 phanero^imic “have their sexes more or less 

plants inhabiting the islands, no separated, for the greater part 

less than 108 are trees, belong- decidedly separated.'' 
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gamous they would be practically diclinous.* As far 
as anemophilous plants are concerned, we know that 
they are apt to have their sexes separated, and we can 
see that it would be an unfavourable circumstance for 
them to bear their flowers very close to the ground, as 
their pollen is liable to be blown high up in the air ; t 
but as the culms of grasses give sufficient elevation, 
we cannot thus account for so many trees and bushes 
being diclinous. We may infer from our previous 
discussion that a tree bearing numerous hermaphrodite 
flowers would rarely intercross with another tree, 
except by means of the pollen of a distinct individual 
being prepotent over the plant’s own pollen. Now the 
separation of the sexes, whether the plant were anemo- 
philous or entomophilous, w^oukl most effectually bar 
self-fertilisation, and this may be the cause of so many 
trees and bushes being diclinous. Or to put the case 
in another way, a plant would be better fitted for 
development into a tree, if the sexes were separated, 
than if it were hermaphrodite ; for in the former case 
its numerous flowers would be less liable to continued 
self-fertilisation. But it should also be observed that 
the long life of a tree or bush permits of the separation 
of the sexes, with much less risk of evil from impreg- 
nation occasionally failing and seeds not being pro- 
duced, than in the case of short-lived plants. Hence 
it probably is, as Lecoq has remarked, that annual 
plants are rarely dioecious. 

* Withre^peottothoProteaoesB is held by the eutmoh (i.c., one 
of Australia, Mr. Bentham re- of the Btaraens which is barren) 
(* Journal Linn. Soc. Bot.’ Siife from all pollution fK»in lier 

vol. xiii. 1871, pp. 68, 64) on the brother anthers, and is preserved 
v^ious contrivances by which the intact for any pollen that may be 
stigma in the several genera is inserted by insects and, other 
screened from the action of the agencies.'* 
pollen from tlie same dower. For t Kerner, ‘ Schutzmittel des 
instance, in Synaphea ** the stigma Pollens,* 1873, p. 4. 



416 


SEXUAL BELATIONS OF PLAKTS. 


Chap. X, 


Finally, we have seen reason to believe that the 
higher plants are descended from extremely low forms 
which conjugated, and that the conjugating indi- 
viduals differed somewhat from one another, — the one 
representing the male and the other the female — so 
that plants were aboriginally dioecious. At a very 
early period such lowly organised dioecious plants 
probably gave rise by budding to monoecious plants 
with the two sexes borne by the same individual ; and 
by a still closer union of the sexes to hermaphrodite 
plants, which are now much the commonest form.* 
As soon as plants became affixed to the ground, their 
pollen must have been carried by some means from 
flower to flower, at first almost certainly by the wind, 
then by pollen-devouring, and afterwards by nectar- 
seeking insects. During subsequent ages some few 
entomophilous plants have been again rendered anemo- 
philous, and some hermaphrodite plants have had their 
sexes again separated; and we can vaguely see the 
advantages of such recurrent changes under certain 
conditions. 

Dioecious plants, however fertilised, have a great 
advantage over other plants in their cross-fertilisation 
being assured. But this advantage is gained in the 
case of anemophilous species at the expense of the 
production of an enormous superfluity of pollen, with 
some risk to them and to entomophilous species of 
their fertilisation occasionally failing. Half the in- 
dividuals, moreover, namely, the males, produce no 

♦ There is a considerable duals, which represented the two 
amount of evidence that all the incipient sexes. On this view, the 
higher animals are the descend- higher animals may now owe 
ants of hermapiirodites ; and it is their bilateral structure, with all 
a cmiom problem whether such their organs double at an early 
hermaphroditism may not have embryonic period, to the fosion 
been w result of the conjugation or ooniugation of two primori^l 
of two slightly different indivi- individuals. 
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seed, and this might possibly be a disadvantage. 
Delpino remarks that dioecious plants cannot spread so 
easily as monoecious and hermaphrodite species, for a 
single individual which happened to reach some new 
site could not propagate its kind; but it may be 
doubted whether this is a serious evil. Monoecious 
anemophilous plants can hardly fail to be to a large 
extent dioecious in function, owing to the lightness of 
their pollen and to the wind blowing laterally, with 
the great additional advantage of occasionally or often 
producing some self-fertilised seeds. When they are 
also dichogamous, they are necessarily dioecious in 
function. Lastly, hermaphrodite plants can generally 
produce at least some self-fertilised seeds, and they are 
at the same time capable, through the various meatus 
specified in this chapter, of cross-fertilisation. When 
their structure absolutely prevents self-fertilisation, 
they are in the same relative position to one another 
as mona3cious or dioecious plants, with what may be 
an advantage, namely, that every flower is capable 
of yielding seeds. 
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The Habits of ItfsECTB js relation to the Fertilisation of 
J^^LOWERS. 


Insects visit the flowers of tlie same species as long as they can—Cnnst* 
of this habit— IVleans by which bees recognise the flowers of tlie 
same species — Sufiden secretion of nectar — Nectar of certain flowers 
unattractive to certain insects— Industry of bees, and the number 
of flowers visited within a short time — Perforation of the cortdJti 
by bees — Skill shown in the operation — Ilive-bees profit by the 
holes made by humble-bees — Eflc*ct8 of habit — The motive for per- 
forating flowers to save time — Flowers growing iu crowded masses 
chiefly perforated. 

Bees and various other insects must be directed by 
instinct to search flowers for nectar and pollen, as 
they act in this manner without instruction as soon 
as they emerge from the pupa state. Their instincts, 
however, are not of a specialised nature, for they visit 
many exotic flowers as readily as the endemic kinds, 
and they often search for nectar in flowers which do 
jiot secrete any ; and they may be seen attempting to 
suck it ont of nectaries of such length that it cannot 
lie reached by them.* All kinds of bees and certain 
other insects usually visit the flowers of the same species 
as long as they can, before going to another species. 
This fact was observed by Aristotle with respect to the 


* See. on this subject, H. Miil- 
Icr, * Befrnohtung,’ &c. p, 427; 
aud Sir J. Lubbock^s * British 
Wild Flowers/ dw. p. 20. Muller 
assigns (*Bieuen Zeitung/ June 
1876, p. 119) good reasons for his 
Mlef that bees and many other 


Hymenoptera have inherited from 
some early nectar-sucking pro- 
genitor greater skill iu robbing 
Sowers than that which is dis- 
played by insects belonging to 
the other Orders. 
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hive-bee more than 2000 years ago, and was noticed 
by Dobbs in a paper published in 1736 in the Philo- 
sophical Transactions. It may be observed by any 
one, both with hive and humble-bees, in every flower- 
garden; not that the habit is invariably followed. Mr. 
Bennett watched for several hours* many plants of 
Lamium albums L, purpureum^ and another Labiate 
plant, Nepeta glechoma^ all growing mingled together 
on a bank near some hives ; and he found that each 
bee confined its visits to the same species. The pollen 
of these three plants differs in colour, so that he was 
able to test his observations by examining that which 
adhered to the bodies of the captured bees, and he 
found one kind on each bee. 

Humble and hive-bees are good botanists, for they 
know that varieties may differ widely in the colour of 
their flowers and yet belong to the same species. I 
have repeatedly seen humble-bees flying straight from 
a plant of the ordinary red Dictamnus fraxinella to a 
white variety ; from one to another very differently 
coloured variety of Delphinium eonsolida and of 
Primulu veris ; from a dai'k purple to a bright yellow 
variety of Viola tricolor; and with two species of 
Papaver, from one variety to another which differed 
much in colour ; but in this latter case some of the 
bees flew indifferently to either species, although pass- 
ing by other genera, and thus acted as if the two spe- 
cies were merely varieties. H. Muller also has seen 
hive-bees flying from flower to flower of Banmiculus 
hulhosus and arvmsis, and of Trifolium fragiferum 
and repens; and even from blue hyacinths to blue 
violets.t 

Some species of Diptera or flies keep to the flowers 

♦‘Nature,’ 1874, June 4th, f ‘ Bienen Zeitung,* July 1 876 
p. 92. p. 183. 
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of the same species with almost as much regularity as 
do bees ; and when captured they are found covered 
with pollen. I have seen Bhingia rostrata acting in 
this manner with the flowers of Lychnis ddoica, Ajuga 
reptanSy and Vida sepium. Volucella pJumosa and Empis 
cheiroptera flew straight from flower to flower of Myomtis 
sylvatica. Dolichopvs nigripermis behaved in the same 
manner with PotefiiiiUa tormentUla ; and other Diptera 
with Stellaria holoBtea, Relianthemxim vulgare^ Beilis 
perenniSf Veronica hedersefolia and chamoedrys ; but some 
flies visited indifferently the flowers of these two latter 
species. I have seen more than once a minute Thrips, 
with pollen adhering to its body, fly from one flower to 
another of the same kind ; and one was observed by 
me crawling about within a convolvulus with four 
grains of pollen adhering to its head, w^hich were 
deposited on the stigma. 

, Fabricius and Sprengel state that when flies have 
once entered the flowers of Aristolochia they never 
escape, — a statement which I could nox believe, as in 
this case the insects would not aid in the cross-fertili- 
sation of the plant ; and this statement has now^ been 
shown by Hildebrand to be erroneous. As the spathes 
of Arum maculatum are furnished with filaments appa- 
rently adapted to prevent the exit of insects, they 
resemble in this respect the flowers of Aristolochia ; and 
on examining several spathes, from thirty to sixty 
minute Diptera belonging to three species were found 
in some of them ; and many of these insects were lying 
dead at the bottom, as if they had been permanently 
entrapped. In order to discover whether the living 
ones could escape and carry pollen to another plant, I 
tied in the spring of 1842 a fine muslin bag tightly 
round a spathe; and on returning in an hour’s time 
several little flies were crawling about on the inner 
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surface of tEe bag, I then gathered a spathe and 
breathed hard into it ; several flies soon crawled out, 
and all without exception were dusted with arum pollen. 
These flies quickly flew away, and I distinctly saw 
three of them fly to another plant about a yard off ; 
thev alighted on the inner or concave surface of the 
spaihe, and suddenly flew down into the flower. I then 
opened this flower, and although not a single anther 
had burst, several grains of pollen were lying at the 
bottom, which must have been brought from another 
plant by one of these flies or by some other insect. In 
another flower little flies were crawling about, and I 
saw them leave pollen on the stigmas. 

I do not know whether Lepidoptera generally keep 
to the flowers of the same species ; but I once observed 
many minute moths (I believe Lampronia (Tinea) 
calthella) apparently eating the pollen of Mercurialis 
annm, and they had the whole front of their bodies 
covered with pollen. I then went to a female plant 
some yards off, and saw in the course of fifteen minutes 
three of these moths alight on the stigmas. Lepidoptera 
are probably often induced to frequent the flowers of the 
same species, whenever these are provided with a long 
and narrow nectary, as in this case other insects cannot 
suck the nectar, which will thus be preserved for those 
having an elongated proboscis. No doubt the Yucca 
moth * visits only the flowers whence its name is de- 
rived, for a most wonderful instinct guides this moth 
to place pollen on the stigma, so that the ovules may be 
developed on which the larvm feed. With respect to 
Coleoptera, I have seen Meligethes covered with pollen 
flying from flower to flower of the same species ; >nd 


• Desoribed by Mr. Eiley iu tbe ‘Americftn Naturalist,’ voL vii, 
Oct. 1873. 
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this must often occur, as, according to M. Brisout, 
many of the species affect only one kind of plant.” * 
It must not be supposed from these several statements 
that insects strictly confine their visits to the same 
species. They often visit other species when only a 
few plants of the same kind grow near together. In a 
flower-garden containing some plants of (Enothera, the 
pollen of which can easily be recognised, I found not 
only single grains but masses of it within many flowers 
of Mimulus, Digitalis, Antirrhinum, and Linaria. 
Other kinds of pollen were likewise detected in these 
same flowers. A large number of the stigmas of a plant 
of Thyme, in which the anthers were completely aborted, 
were examined ; and these stigmas, though scarcely 
larger than a split needle, were covered not only with 
pollen of Thyme brought from other plants by the bees, 
but with several other kinds of pollen. 

That insects should visit the flowers of the same 
species as long as they can, is of great importance 
to the plant, as it favours the cross-fertilisation of 
distinct individuals of the same species ; but no one 
will suppose that insects act in this manner for the good 
of the plant. The cause probably lies in insects being 
thus enabled to work quicker ; they have just learnt 
how to stand in tlie best position on the flower, and liow 
far and in what direction to insert their probo8cides.t 
They act on the same principle as does an artificer 
who has to make half-a-dozen engines, and who saves 
time by making consecutively each wheel and part for 
all of them. Insects, or at least bees, seem much in- 
fluenced by habit in all their manifold operations ; and 

* Ab quoted in ‘American Nat.’ conclusion with respect to the 
May 1873, p. 270. cause of insects frequenting as 

t Since these remarks were long os they can the flowers of the 
written^ I And that H. Miiller has same species ; ' Bioneu 2^itung,’ 
cc»mc to almost exactly the same July 1876, p. 182. 



Chap. XL IN EELATION TO CROSS-FERTILISATION. 423 


we shall presently see that this holds good in their 
felonious practice of biting holes through the corolla. 

It is a curious question how bees recognise the flowers 
of the same species. That the coloured corolla is the 
chief guide cannot be doubted. On a fine day, when 
hive-bees were incessantly visiting the little blue flowers 
of Lobelia erinus, I cut off all the petals of some, and 
only the lower striped petals of others, and these flowers 
were not once again sucked by the bees, although some 
actually crawled over them. The removal of the two 
little upper petals alone made no difference in their 
visits. Mr. #1. Anderson likewise states that when he re- 
mo^^ed the corollas of the Calceolaria, bees never visited 
the flowers.* On the other hand, in some large masses of 
Geranium phmwn which had escaped out of a garden, I 
observed the unusual fact of the flowers continuing to 
secrete an abundance of nectar after all the petals had 
fallen off ; and the flowers in this state w^ere still visited 
by humble-bees. But the bees might have learnt that 
these flowers with all their petals lost were still worth 
visiting, by finding nectar in those with only one or 
tw <3 lost. The colour alone of the corolla serves as 
an approximate guide : thus I watched for some time 
humble-bees which were visiting exclusively plants of 


* 'Gardeners* Chronicle,' 1853, 
p. 534, Kurr cut off the nectaries 
from a large number of flowers of 
several s^ios, and found that 
the greater number yielded seeds ; 
but insects probably would not 
perceive the loss of the nectary 
until they had inserted their pro- 
boscides into the holea thus 
formed, and in doing so would 
fertilise the flowers. He also ve- 
mov^ the whole corolla from a 
considerable number of flowers, 
and thi'se likewise yielded setxls. 
Flowers which are self- fertile 


would naturally produce seeds 
under these circumstances ; but 1 
am greatly surprised tljat Delphi- 
nium consol iday as weU as an- 
other species of Delphinium, and 
Viola tricoliiTy should have pro- 
duced a fair supply of seeds when 
thus treated ; but it does not ap- 
pear that he compared the number 
of the seeds thus produced with 
those yielded by unmutilated 
flowers "left to the free access of 
insects; ‘Bedcutung der Nek- 
tarien/ 1833, pp. 12^-135. 
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the white-flowexed Spiranthes autumnalis, growing on 
shdrt turf at a considerable distance apart ; and these 
bees often flew within a few inches of several other 
plants with white flowers, and then without further ex- 
amination jmssed onwards in search of the Spiranthes. 
Again, many hive-bees which confined their visits to the 
coiximon ling (Calluna wigaria), repeatedly flew towards 
Erica tetralix, evidently attracted by the nearly similar 
tint of their flowers, and then instantly passed on in 
search of the Caliuna. 

That the colour of the flower is not the sole guide, is 
clearly shown by the six cases above given of bees 
which repeatedly passed in a direct line from one 
variety to another of the same species, although they 
bore very differently coloured flowers. 1 observed also 
bees flying in a straight line from one clump of a yellow- 
flowered (Enothera to every other clump of the same 
plant in the garden, without turning an inch from 
their course to plants of Eschscholtzia and others with 
yellow flowers which lay only a foot or two on either 
side. In these cases the bees knew the position of each 
plant in the garden perfectly well, as we may infer by 
the directness of their flight ; so that they were guided 
by experience and memory. But how did they discover 
at first that the above varieties with differently coloured 
flowers belonged to the same species ? Improbable as 
it may appear, they seem, at least sometimes, to recog- 
nise plants even from a distance by their general 
aspect, in the same manner as we should do. On three 
occasions I observed humble-bees flying in a perfectly 
straight line from a tall larkspur (Delphinium) which 
was in full flowei to another plant of the same species 
at the distance of fifteen yards which had not as yet a 
single flower open, and on which the buds showed only 
a faint tinge of blue. Here neither odour nor the 
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memory of former visits could have come into play, 
and the tinge of blue was so faint that it could hardly 
have served as a guide. 

The conspicuousness of the corolla does not suffice 
to induce repeated visits from insects, unless nectar is 
at the same time secreted, together perhaps with 
some odour emitted. I watched for a fortnight many 
times daily a wall covered with Linaria cymbalaria 
in full flower, and never saw a bee even looking at 
one. There was then a very hot day, and suddenly 
many bees were industriously at work on the flowers. 
It appears that a certain degree of heat is necessary for 
t^ secretion of nectar; for I observed with L^elia 
erinus that if the sun ceased to shine for only half an 
hour, the visits of the bees slackened and soon ceased. 
An analogous fact with respect to the sweet excretion 
from the stipules of Vieia saliva has been already 
given. As in the case of the Linaria, so with Pedicu^ 
laris sylvaticay Polygala vulgarisy Viola tricolory and some 
species of Trifolium, I have watched the flowers day 
after day without seeing a bee at work, and then sud- 
denly all the flowers were visited by many bees. Now 
how did so many bees discover at once that the flow^ers 
were secreting nectar ? I presume that it must have been 
by their odour ; and that as soon as a few bees began 
to suck the flowers, others of the same and of different 
kinds observed the fact and profited by it. We shall 
presently see, when we treat of the perforation of the 
corolla, that l^ees are fully capable of profiting by the 


* A fact mentioned by H. 
Huller (‘Die Befruchtnng/ 
p. 847) shows that bees possess 
acute powers of vishm and dis- 
crimination ; for those en^ged in 
collecting pollen from FrimuUi 
elatior invariably passed by the 


flowers of the long-styled form, in 
which the anthers are seated low 
down in the tubular corolla. Yet 
the difference in aspect t>etween 
the long-styled and short-styled 
forms is extremely slight. 



426 


HABITS OF INSECTS 


Chap. XL 


labour of other species. Memory also comes into play, 
for, as already remarked, bees know the position of 
each clump of flowers in a garden. I have repeatedly 
seen them passing round a corner, but otherwise in as 
straight a line as possible, from one plant of Fraxinella 
and of Linaria to another and distant one of the same 
species ; although, owing to the intervention of other 
plants, the two were not in sight of each other. 

It would appear that either the taste or the odour of 
the nectar of certain flowers is unattractive to hive or to 
humble-bees, or to both ; for there seems no other reason 
why certain open flowers which secrete nectar are not 
visited by them. The small quantity of nectar secreted 
by some of these flowers can hardly be the cause of 
their neglect, as hive-bees search eagerly for the minute 
drops on the glands on the leaves of the Frunus lauro^ 
cerasus. Even the bees from different hives sometimes 
visit different kinds of flowers, as is said to be the case 
by Mr, Grant with respect to the Polyanthus and Viola 
tricolor I have known humble-bees to visit the flowers 
of Lobelia fulgens in one garden and not in another at 
the distance of only a few miles. The cupful of nectar 
in the labellum of Epipactis latifoUa is never kmched 
by hive- or humble-bees, although I have seen thorn 
flying close by ; and yet the nectar has a pleasant 
taste to us, and is habitually consumed by the common 
w asp. As far as I have seen, wasps seek for nectar in 
this country only from the flowers of this Epipactis, 
Scrophularia aquaticay Hedera heliXy Symphoricarpm 
racemomy^ and Tritoma ; the three former plants being 
endemic, and the two latter exotic. As wasps are so 

♦ * Gard. Chxon* 1844, p, 874. three plants are alone visited by 

t The same fact apparently waaps : * Nottarii KHtratmziali, 
holds good in Italy, for Delpioo Bullettino Eutomologioo,’ anno vi. 
says that the Uowers of these 
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fond of sugar and of any sweet fluid, and as they do 
not disdain the minute drops on the glands of Prmm 
lauroeerasus, it is a strange fact that they do not suck 
the nectar of many open flowers, which they could do 
without the aid of a proboscis* Hive-bees visit the 
flowers of the Symphoricarpus and Tritoma, and this 
makes it all the stranger that they do not visit the 
flowers of the Epipactis, or, as far as I have seen, those 
of the Serophvlaria aquatica; although they do visit 
the flowers of Scrophularia nodosa^ at least in North 
America."* 

The extraordinary industry of bees and the number 
of flowers which they visit within a short time, so that 
each flower is visited repeatedly, must greatly increase 
the chance of each receiving pollen from a distinct 
plant. When the nectar is in any way hidden, bees 
cannot tell without inserting their proboscides whether 
it has lately been exhausted by other bees, and 
this, as remarked in a former chapter, forces them to 
visit many more flow^ers than they otherwise would. 
But they endeavour to lose as little time as they can; 
thus in flowers having several nectaries, if they find 
one dry they do not try the others, but as I have often 
observed, pass on to another flower. They work so in- 
dustriously and elfectually, that even in the case of 
social plants, of which hundreds of thousands grow 
together, as with the several kinds of heath, every 
single flower is visited, of which evidence will presently 
be given. They lose no time and fly very quickly 
from plant to plant, but I do not know the rate at 
which hive-bees fly. Humble-bees fly at the rate of 
ten miles an hour, as I was able to ascertain in the case 
of the males from their curious habit of calling at 


‘ Sillittiau^a American Journal of Science,* Aug. 1871. 
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certain fixed points, which made it easy to measure the 
time token in passing from one place to another. 

With respect to the number of flowers which bees 
visit in a given time, I observed that in exactly one 
minute a humblp-bee visited twenty-four of the closed 
flowers of the Linaria cymbcdaria ; another bee visited 
in the same time twenty-two flowers of the Symphori- 
carpus racenma ; and another seventeen flowers on two 
plants of a Delphinium. In the course of fifteen 
minutes a single flower on the summit of a plant of 
(Enothera was visited eight times by several humble- 
bees, and I followed the last of these bees, whilst 
it visited in the course of a few additional minutes 
every plant of the same species in a large flower- 
garden. In nineteen minutes every flower on a small 
plant of NemophUa insignis was visited twice. In one 
minute six flowers of a Campanula were entered by 
a pollen-collecting hive-bee; and bees when thus 
employed work slower than when sucking nectar. 
Lastly, seven flower-stalks on a plant of Dictamyius 
fraxineUa were observed on the 15th of June 1841 during 
ten minutes ; they were visited by thirteen humble-bees, 
each of which entered many flowers. On the 22nd the 
same flower-stalks were visited within the same time by 
eleven humble-bees. This plant bore altogether 280 
flowers, and from the above data, taking into con- 
sideration how late in the evening humble-bees work, 
each flower must have been visited at least thirty times 
daily, and the same flower keeps open during several 
days. The frequency of the visits of bees is also some- 
times shown by the manner in which the petals are 
scratched by their hooked torsi ; 1 have seen large beds 
of Mimulus, Stochys, and Lathyrus with the beauty 
of their flowers thus sadly defaced. 

Perforation of the Corolla ly Bees, — I have already 
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alluded to bees biting holes in flowers for the sake of 
obtaining the nectar. They often act in this manner, 
both with endemic and exotic species, in many parts of 
Europe, in the United States, and in the Himalaya ; 
and therefore probably in all parts of the world. The 
plants, the fertilisation of which actually depends on 
insects entering the flowers, will fail to produce seed 
when their nectar is thus stolen from the outside ; and 
even with those species which are capable of fertilising 
themselves without any aid, there can be no cross- 
fertilisation, and this, as we know, is a serious evil 
in most cases. The extent to which humble-bees 
carrv on the practice of biting holes is surprising : a 
remarkable case was observed by me near Bourne- 
mouth, where there were formerly extensive heaths. 
1 took a long walk, and every now and then gathered 
a twig of Erica tetralix, and when I had got a hand- 
ful examined all the flowers through a lens.^ This 
process was repeated many times ; but though many 
hundreds were examined, I did not succeed in finding 
a single flower which had not been perforated. 
Humble-bees were at the time sucking the flowers 
through these perforations. On the following day a 
large number of flowers were examined on another 
heath with the same result, but here hive-bees were 
sucking through the holes. This case is all the 
more remarkable, as the innumerable holes had been 
made within a fortnight, for before that time I saw the 
bees everywhere sucking in the proper manner at the 
mouths of the corolla. In an extensive flower-garden 
some large beds of Salvia grahamiy Stachys coccineay 
and Pentstemon argutus (?) had every flower per- 
forated, and many scores were examined. I have seen 
whole fields of red clover {Trifolium pratense) in the 
same state. Dr. Ogle found that 90 per cent, of the 
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flowers of Salvia glvUnom had been bitten. In the 
United States Mr. Bailey says it is difficult to find a 
blossom of the native Gerardia pedieularia without a 
hole in it ; and Mr. Gentry, in speaking of the intro- 
duced Wistaria sinensis, says that nearly every flower 
had been perforated.” * 

As far as I have seen, it is always humble-bees which 
first bite the holes, and they are well fitted for the work 
by possessing powerful mandibles ; but hive-bees after- 
wards profit by the holes thus made. Dr, H. Muller, 
however, writes to me that hive-bees sometimes bite 
holes through the flowers of Erica tetr alios. No insects 
except bees, with the single exception of wasps in the 
case of Tritoma, have sense enough, as far as I have 
observed, to profit by the holes already made. Even 
humble-bees do not always discover that it w^ould be 
advantageous to them to perforate certain flowers. 
There is an abundant supply of nectar in the nectary 
of Tropmolum tricolor, yet I have found this plant 
untouched in more than one garden, while the flowers 
of other plants had been extensively perforated ; but 
a few years ago Sir J. Lubbock’s gardener assured 
me that he had seen humble-bees boring through 
the nectary of this Tropaeolum. In the United States 
the common garden Tropaeolum, as I hear from Mr, 
Bailey, is often pierced. Muller has observed humble- 
bees trying to suck at the mouths of the flowers 
of Primula elatior and of an Aquilegia, and, failing 
in their attempts, they made holes through the 
corolla ; but they often bite holes, although they could 
with very little more trouble obtain the nectar in a 
legitimate manner by the mouth of the corolla. 

Dr, W. Ogle has communicated to me a curious case. 


• Dr, Ogle, ‘Pop. Science Be- ‘American Nat.,* Nov 1873, p. 690. 
view,’ July 1869, p. 267. Bailey, Gentry, ibid. May 1875, p. 264. 
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He gathered in Switzerland 100 flower-stems of the 
common blue variety of the monkshood {Aconkmi 
napellu8)y and not a single flower was perforated ; he 
then gathered 100 stems of a white variety growing 
close by, and every one of the open flowers had been 
perforated. This surprising difference in the state of 
the flowers may be attributed with much probability 
to the blue variety being distasteful to bees, from the 
])resence of the acrid matter which is so general in the 
Eanunculacege, and to its absence in the white variety 
in correlation with the loss of the blue tint. Accord- 
ing to Sprengel,* this plant is strongly proterandrous ; 
it would therefore be more or less sterile unless bees 
carried pollen from the younger to the older flow^ers. 
Consequently the white variety, the flowers of which 
were always bitten instead of being properly entered 
by the bees, would fail to yield the full number 
of seeds and would be a comparatively rare plant, 
as Dr. Ogle informs me was the case. 

Bees show much skill in their manner of working, 
for they always make their holes from the outside 
close to the spot where the nectar lies hidden within 
the corolla. All the flowers in a large bed of Staehys 
coGcinea had either one or two slits made on the upper 
side of the corolla near the base. The flow^ers of a 
Mirabilis and of Salvia coecinea were perforated in the 
same manner ; whilst those of Salvia grahami, in which 
the calyx is much elongated, had both the calyx and the 
corolla invariably perforated. The flowers of Pentstemon 
argutus are broader than those of the plants just named, 
and two holes alongside each other had here always 
been made just above the calyx. In these several cases 
the perforations were on the upper side, but in Antir- 


♦ ‘ Daa Entdeckc,* &c. p. 278. 



432 HABITS OF INSECTS. Chap. XI. 

rhinum majus one or two holes had been made on the 
lower side, close to the little protuberance which re- 
presents the nectary, and therefore directly in front of 
and close to the spot where the nectar is secreted. ' 
But. the most remarkable case of skill and judgment 
known to me, is that of the perforation of the flowers of 
Lathyry,8 sylvestris, as described by my son Francis.^ 
The nectar in this plant is enclosed within a tube, 
formed by the united stamens, which surround the 
pistil so closely that a bee is forced to insert its 
proboscis outside the tube ; but two natural rounded 
passages or orifices are left in the tube near the base, 
in order that the nectar may be reached by the bees. 
Now my son found in sixteen out of twenty-four flowers 
on this plant, and in eleven out of sixteen of those on 
the cultivated everlasting pea, which is either a variety 
of the same species or a closely allied one, that the 
left passage was' larger than the right one. And here 
comes the remarkable point, — ^the humble-bees bite holes 
through the standard-petal, and they always operated 
on the left side over the passage, which is generally 
the larger of the two. My son remarks : It is difficult 
to say how the bees could have acquired this habit. 
Whether they discovered the inequality in the size of 
the nectar-holes in sucking the flowfers in the proper 
way, and then utilised this knowledge in determining 
where to gnaw the hole ; or whether they found out 
the best situation by biting through the standard at 
various points, and afterwards remembered its situation 
in visiting other flowers. But in either case they show a 
remarkable power of making use of what they have 
learnt by experience.” It seems probable that bees 
owe their skill in biting holes through flowers of all 


• ‘ Natu^,’ Jau. 8, 187i. p. 18S. 
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kinds to their having long practised the instinct of 
moulding cells and pots of wax, or of enlarging their 
old cocoons with tubes of wax; for they are thus 
compelled to work on the inside and outside of the 
same object. 

In the early part of the summer of 1857 I was 
led to observe during some weeks several rows of the 
scarlet kidney-t>ean (Phaseolm multijiorus), whilst 
attending to the fertilisation of this plant, and daily 
saw humble- and liive-bees sucking at the mouths 
of the flowers. But one day I found several humble- 
bees emj)loyed in cutting holes in flower after flower ; 
and on the next day every single hive-bee, witliout 
exception, instead of alighting on the left wing-petal 
and sucking the Urnver in the proper manner, flew 
straight without the least hesitation to the calyx, and 
sucked through tlie holes whjeh had been made only 
the day before by the humble-bees; and they con- 
tinued this habit for many follow ing days.* ]\[r. Ikdt 
has communicated to me (duly 28th, 1874) a similar 
case, with the sole difterence that l(‘ss than half of the 
flowers had been perforated by the humble-bees ; 
nevertheless, all the hive-bees gave up sucking at the 
mouths of tlio flowers and visited exclusively the bitten 
ones. Now bow did tlie hive-bees And out so quickly 
that holes had be<m made ? Instinct seems to bo out 
of the question, as the plant is an exotic. The holes 
cannot be seen by bees whilst standing on the wing- 
petals, where they had always j)reviou8ly alighted. 
From the ease Avith w hich bees were deceived wdicn the 
petals of Lobelia eriuus Avere cut off, it w^as clear that 
in this eusG they were not guided to the nectar by its 
smell; and it may be doubted Avhether they were 


2 p 


‘Oard. Ohron.’ IS57, p. 725. 
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attracted to the holes in the flowers of the Phaseolus 
by the odour emitted from them. Did they perceive 
the holes by the sense of touch in their proboscides, 
whilst sucking the flowers in the proper manner, and 
then reason that it would save them time to alight on 
the outside of the flowers and use the holes? This 
seimis almost too abstruse an act of rc‘ason for bees; 
and it is more probable that they saw the humble-bees 
at work, and understanding what they were about, 
imitated them and took advantage of the shorter path 
to the nectar. Even with animals high in the scale, 
such as monkeys, we should be surprised at hearing 
that all the individuals of one species within the 
space of twenty-four hours understood an act per- 
formed by a distinct species, and i#oflted by it. 

1 have repeatedly observed with various kinds 
of flowers that all the hivti and humble bees which 
were sucking through the perforations, flew to them, 
whether on the upper or under side of the corolla, 
without the lejist hesitation; and this shows how 
quickly all the imlividuals within the district had 
acquired the same knowledge. Yet luibit comes into 
play to a certain extent, as in so many of the other 
operations of bees. Dr. Ogle, M(*ssrs. Farrer and 
Belt have observed in the case of Phaseolus niultlflorus^ 
that certain individuals went exedusively to the per- 
forations, while others of the same species visited 
only the months of the flowers. I noticed in 1861 
exactly the ^arne fact with Trifolium pratense. So per- 
sistent is the force of habit, that when a bee which is 
visiting perforated flowers comes to one which has not 
been bitten, it does not go to the mouth, but instantly 

* Dr. Ogle. ‘Pop. Science Rc- Hist.* 4th Herics, vol ii. 1868, p, 
view,* April 1870, p. 167. Mr, 258. Mr. Beit in a letter to me. 
Farrer, ‘ Annals and Mag. of Nut. 
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flies away in search of another bitten flower. Never- 
theless, I once saw a humble-bee visiting the hybrid 
BJiododendron azaloides, and it entered the mouths 
of some flowers and cut holes into the others. Dr. 
H. Muller informs me that in the same district he has 
seen some individuals of Bonibus mastrueaius boring 
through the calyx and corolla of Rhinanthus aleciero- 
lophm, and others through the corolla alone. Different 
specit^s of bees may, however, sometimes be observed 
acting differently at the same time on the same plant. 
I have seen hive-bees sucking at the moutlis of the 
flowers of the common bean ; humble-bees of one kind 
suck nig through holes bitten in the calyx, and humble- 
bees of another kind sucking the little drops of fluid 
excreted by the stipules. Mr. Beal of Sfichigan 
informs me that the flowers of the Missouri currant 
(Ribes aureum) abound ivith nectar, so that children 
often suck them ; and he saw hive-bees sucking 
through boles made by a bird, the oriole, and at tin^ 
same time humble-bees sucking in the proptifr manner 
at the mouths of the flowers.^ This statement alx>nt 
the oriole calls to mind what I have before said of 
certain species of humming-birds boring holes through 
the flowei's of the Brugmansia, whilst other species 
entered by the mouth. 

The motive which impels bees to gnaw holes through 
the corolla seems to be the saving of time, for they 
lose much time in climbing into and out of large 
flowers, and in forcing their heads into closed ones. 
They were able to visit nearly twice as many flowers, 
as far as I could judge, of a Stachys and Pentstemon 

The flowers of the Kibos are tlirough and rob seven flowers 
however sometinics perforated by of their honey in a minute : 
humble-bees, and Mr. Bundy says ‘American Naturalist,’ 1876, p. 
that they were able to bite 288. 


2 F 2 



436 


HABITS OF INSECTS, 


Chap. XL 


by alighting on the tipper surface of the corolla 
and sucking through the cut holes, as by entering 
in tho proper way. Nevertheless each bee before 
it has had much practice, must lose some time in 
making each new perforation, especially when the per- 
foration has to be made through both calyx and 
corolla. This action therefore implies foresight, of 
which faculty we have abundant evidence in their 
building operations ; and may we not further believe 
that some trace of their soidal instinct, that is, of 
working for the good of other members of the com- 
munity, may here likewdso play a part ? 

Many years ago I was struck with the fact that 
humble-bees as a general rule perforate hewers only 
when these grow in large numbers near together. In 
a garden where tlierc were some very large beds of 
Stachys coceinea and of Penistemon aryutus, every single 
flower was perforated, but I found two plants of the 
former species growing quite separate with their petals 
much scratched, showing that they had been frequently 
visited by bees, and yet not a single flower wjis 
perforated, I found also a separate plant of the. 
Pentstemon, and saw bees entering the mouth of the 
corolla, and not a single flow^er had been perforated. In 
the following year (1842) I visited the same garden 
st'veral times : on the 19th of July humble-l>ees were 
sucking the flowers of Stachys eoccinea and Salvia 
grahami in tlie proper manner, and none of the corollas 
were perforated. On the 7th of August all the flowers 
were perforated, even those on some few plants of tlie 
Salvia which grew at a little distance from the great 
bed. On the 21st of August only a few flowers on the 
summits of the spikes of both species remained fresh, 
and not one of these was now bored. Again, in my own 
garden every plant in several rows of the common bean 
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had many flowers perforated ; but I found three plants 
in separate parts of the garden which had sprung up 
accidentally, and those had not a single flower per- 
forated. General Strachey formerly saw many per- 
forated flowers in a garden in the Himalaya, and he 
wrote to the owner to inquire whether this relation 
between the plants growing crowded and their per- 
foration by the bees there held good, and was answered 
in the affirmative. Mr. Bailey informs me that the 
Gerardia pedicvlaria which is so largely perforated, 
and Impatiem fulvay are both profuse flowerers. Hence 
it follows that the red clover {Trifolium pratense) and 
the common bean when cultivated in great masses iji 
hidds, — that Eriea tetralix growing in large num]>ers 
on heaths, — rows of the scarlet kidney-bean in the 
kitchen-garden, — and masses of any species in the 
flower-garden, — are all eminently liable to be per- 
forated. 

The explanation of this fact is not difficult. Flowers 
growing in large numbers afford a rich booty to the 
bees, and are conspicuous from a distance. They are 
consequently visited by crowds of these insects, and 1 
once counted between twenty and thirty bees flying 
about a bed of Pentsteinon. They are thus stimulated 
to work quickly by rivalry, and, what is much more 
important, they find a large proportion of the flowers, 
as suggested by my son,"*^ with their nectaries sucked 
dry. They thus waste much time in searching many 
empty flowers, and are led to bite the holes, so as 
to find out as quickly as possible whether there is any 
nectar present, and if so, to obtain it. 

Flowers which are partially or wholly sterile unless 
vidted by insects in the proper manner, such as 


* ‘ Nature,* Jan. 8, 1874, p. 189. 
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those of most species of Salvia, of Trifolium prateme, 
Phasedlus multijiorus, &c., will more or less completely 
fail to produce seeds if the bees conjBne their visits 
to the perforations. The perforated flowers of those 
species, w’hicdi are capable of fertilising themselves, 
will yield only self-fertilised seeds, and the seedlings 
will in c(msequenee be less vigorous. Therefore all 
plants must suffer in some degree when bees obtain 
their ne(dar in a felonious manner by biting holes 
through the corolla ; and many species, it might be 
thought, would be thus exterminated. But here, as 
is so general throughout nature, there is a tendency 
towards a restored equilibrium. If a plant sufl'ers 
from being perforated, fewer individuals will be 
reared, and if its nectar is higlily important to the 
bees, these in their turn will sufler and decrease in 
number ; but, w^hat is much more effective, as soon as 
the plant becomes somewdiat rare so as not to grow 
in crowded masses, the bees will no longer be stimu- 
lated to gnaw holes in the flowers, but will enter 
them in a legitimate manner. More seed will then be 
produced, and the seedlings being the product of 
cross-fertilisation will bo vigorous, so that the species 
will tend to increase in number, to l>e again checlved, 
as soon as the plant again grows in crowded masses. 
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General Results. 

Cross-ferliliaation proved l)o benefioiul, eud self-fertilisation in- 
jurious — Allied species differ ^restly in the means by winch cross- 
fertilisation is favoured and self- fertilisation avoided — The beiuitits 
and evils of the two proci'sses depend on the degree of differerdintioii 
ijj the sexual clemouts — Tiie evil effects not du'> to the eombinution of 
m^'iLid tendencies in iho parents -Nature of the conditions towhioli 
}dant8 Jiro subjected when growing near togetlier in a state of nature 
or under culture, and the effects of such conditions— Thcjortdicjd 
considerations with respect to the interaction of difforentint(3d sexual 
elements— Practical lessons— Genesis of the two sexes— Close corre- 
spondence betw'een the effects of cross-fertilisation and self-fertilisa- 
tion, and of the legitimate and illegitimate unions of heterostyled 
plaids, in comparison with hybrid unions. 

The first and most important of the conclusions which 
may bo drawn from the observations given in this 
volume, is that generally cross-fertilisation is beneficial, 
and self-fertilisation often injurious, at least with the 
plants on which 1 exjterimented. AVhether long- 
continued self-fertilisation is injurious to all plants 
is another and difiicult question. The truth of the.se 
conclusions is shown by the difference in height, 
weight, constitutional vigour, and fertility of the 
offspring from crossed and self-fertilised flowers, and 
in the number of seeds produced by the parent-plants. 
With respect to the second of the two propositions, 
namely, that solf-fertilisat ion is often injurious, we have 
abundant evidence. The structure of the flowers in 
such plants as Lobelia rarnosa, Digitalis 'purpurea^ &c., 
renders the aid of insects almost indispensable for 
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their fertilisation; and bearing in mind the prepo- 
tency of pollen from a distinct individual over that 
from the same individual, such plants will almost cer- 
tainly have been crossed during many or all previous 
generations. So it must be, owing merely to the 
prepotency of foreign pollen, with cabbages and various 
other plants, the varieties of which almost invariably 
intercross when grown together. The same inference 
may be drawn still more surely with r<?spect to those 
plants, such as of Keseda and Esclischoltzia, which 
are sterile with their own pollen, but fertile with 
that from any other individual. These several plants 
must therefore have been crossed during a long series 
of previous generations, and the artificial crosses in my 
experiments cannot have increased the vigour of the 
offspring beyond that of their progenitors. Therefore 
the difference between the self-fertilised and crossed 
plants raised by mo cannot be attributed to the supe- 
riority of the crossed, but to tlie inferiority of the 
self-fertilised seedlings, due to the injurious eflects of 
self-fertilisation. 

Notwithstanding the evil which many plants suffer 
from self-fertilisation, they can be thus propagated 
under favourable conditions for many generations, as 
shown by some of my experiments, and more especially 
by the survival during at least half a century of the 
same varieties of the common pea and sweet-pea. Tlie 
same conclusion probably holds good with several other 
exotic plants, which are never or most rarely cross- 
fertilised in this country. But all these plants, as far 
as they have been tried, profit greatly by a cross with 
a fresh stock. Many species which bear small and 
inconspicuous flowers are never, or most rarely, visited 
by insects during the day; and Hermann Muller 
infers that they must be always, or almost always, 
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self-fertilised. But the evidence appears to me in- 
sufficient, until it can be shown that such flowers are 
not visited during the night by any of the innumerable 
kinds of small moths. From the simple fact of these 
small flowers expanding, and from some of them 
secreting nectar, it seems probable that they are at 
least occasionally visited and intercrossed by nocturnal 
insects. It is much to be desired that some one should 
cross and self-fertilise such plants and compare the 
growth, weight, and fertility of the offspring. The 
llev. G, Henslow* remarks that the plants which have 
spread the most widely through the agency of man into 
new countries, and have there grown most vigorously, 
commonly bear small and inconspicuous flowers; and, 
as he assumes that these are always self-fertilised, 
he infers that tliis process cannot be at all injurious 
to plants. He believes that as long as a plant is 
^‘self-fertilising, it remains in the same condition, and 
“retains its average standard, hui does not degenerate 
any way. It cannot be benefited, as it cannot 
“ introduce anything new into its system, so long as it 
“ lives in the same place ; hence its results are negative, 
“ If, however, self-fertilising plants can migrate, and 
“80 obtain new peculiarities from fresh surrounding 
“media, then they may acquire astonishing vigour, 
“ and even oust the native vegetation of the country 
“they have invaded.” According to this view the 
male and female sexual elements must become in such 
cases differentiated through the action of the new 


* Mr. Henslow lias puVilished 
an elalwmte review of the present 
work in the ‘ Gardeners* Chroni- 
cle * from Jan. 13th to May 5th, 
1877, also In * Science and Art,* 
May 1st, 1877, p, 77 ,* from which 
latter journal the quotation is 
taken. I have modified some 


passages in this hook, and en- 
deavoured to make others clearer, 
owing to Mr. Henslow*^ criticisnis, 
hut I can by no means agree with 
many of his inferences. I have 
also profited hy an able review by 
Hermann Miillor in ‘ Kosmos,* 
April 1877, p. 57. 
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conditions; and this seems not improbable, judging 
from the remarkable effects of changed conditions on 
the reproductive system of Abutilon and Eschscholtzia. 

Some few plants, owing to their structure, for in- 
stance, Ophrys apiferciy have almost certainly been 
propagated in a state of nature for thousands of 
generations without having been on(‘n intercrossed ; 
and whether they would profit by a cross with a fresh 
stock is not known. But such cases ought not to make 
us doubt that as a general rule crossing is benefieia] 
and self-fertilisation injurious, any more than the 
existence of plants which, in a state of nature are 
propagated asexually, that is, exclusively by rhizomes, 
stolons, &c.* (their flowers never ]>roducing seeds), 
should make us doubt that seminal generation must 
have some great advantage, as it is the common plan 
followed by nature. Whether any species has been 
reprodiKjed asexually from a very remote period cannot, 
of course, be ascertained. Our sole means for forming 
any judgment on this head is the duration of the 
varieties of our fruit trees which have been long pro- 
pagated by grafts or buds. Andrew Knight formerly 
maintained that under these circumstances they always 
become weakly, but this conclusion has been warmly 
disputed by others. A recent and competent judge, 
Vrot Asa Gray,t leans to the side of Andrew Knight, 
which seems to me, from such evidence as I have 
been able to collect, the more probable view, notwith- 
standing many opposed facts. 

With respect to the first of the two propositions 
at the head of this chapter, namely, that cross-fertilisa- 
tion is generally beneficial, we have excellent evidence. 

* I have givon several cases in t * Darwiniana; Essays and 
my ^Vaiiatirm under Domestica- Reviews pertaining to UarwiniuLu/ 
ti<m/ cH. xviii. 2nd edit. vol. iL 1876, p. U38 
IK 152. 
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Plants of Ipomoea were intercrossed for nine successive 
generations; they were then again intercrossed, and 
at the same time crossed with a plant of a fresh stock, 
that is, one brought from another garden; and the 
offspring of this latter cross were to the intercrossed 
plants of the tenth .generation in height as 100 to 78, 
and in fertility as 100 to 51. An analogous experi- 
ment with Eschscholtzia gave a similar result, as far 
as fertility was concerned. In neither of these cases 
were any of the plants the product of self-fertilisation. 
Plants of llianthus were self-fertilised for three genera- 
tions, and this no doubt was injurious ; but when 
these plants were fertilised by a fresh stock and by 
inttn’crossed plants of the same stock, there was a great 
difference in fertility between the two sets of seedlings, 
and some difference in their height. Petunia offers 
a nearly parallel case. With various other plants, the 
wonderful effects of a cross with a fresh stock may 
be seen in Table 0. Several accounts have also been 
])ublished* of the extraordinary growth of seedlings 
from a cross between two varieties of the same species, 
Sumo of which are known never to fertilise themselves ; 
so that here neither self-fertilisation nor relationship 
even in a remote degree can have come into play. We 
may therefore conclude that the above two propositions 
are true, — that cross-fertilisation is generally beneficial 
and self-fertilisation often injurious to the offspring. 

That certain plants, for instance, Viola tricolor, 
Digitalis purpurea, Saroihamnm scopartus, Cyclamen 
persicum, &c., which have been naturafiy cross-fertilised 
for many or all previous generations, should suffer to 
an extreme degree from a single act of self-fertilisation 
is an asttmishing fact. The evil does not depend in 

* See ‘Variation under Domestication/ ch. xix. 2nd edit. vol. ii. p. 
15(). 
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any corresponding degree on the pollen of the self- 
fertilised parents acting inefficiently on the stigmas of 
the same flowers; fur in the case of the Ipomcea, 
Mimulus, Digitalis, Brassica, &c., the self-fei-tilised 
parents yielded an abundant supply of seeds ; never- 
theless the plants raised from these seeds w^ere 
markedly inferior in many ways to their cross-ferti- 
lised brethren. Again with Reseda and Esehscholtzia 
the more self-sterile individuals profited in a less 
degree by cross-fertilisation than did the more selt- 
fertile individuals. With animals no manifest evil 
has been observed to follow in the first few generations 
from close interbreeding ; but then we must remember 
that the closest possible interbreeding with animals, 
that is, between brothers and sisters, cannot be con- 
sidered as nearly so close a union as that between the 
pollen and ovules of the same flower. Whether with 
plants the evil from self-fertilisation goes on increas- 
ing during successive generations is not as yet known ; 
but we may infer from my experiments that the increase, 
if any, is far from rapid. After plants have been pro- 
pagated by self-fertilisation for several generations, a 
single cross with a fresh stock restores their pristine 
vigour ; and we have a strictly analogous result with 
our domestic animals.* The good effects of eross-fer* 
tilisation are transmitted by plants to the next gene- 
ration ; and judging from the varieties of the common 
pea, to many succeeding generations. But this may 
merely be that crossed plants of the first generation 
are extremely vigorous, and transmit their vigour, like 
any other character, to their successors. 

The means for favouring cross-fertilisation and pre- 
venting self-fertilisation, or conversely for favouring 


♦ ♦ Vuriation nnder Domestication/ cli. xix, 2nd edit. vol. il. p. 159. 
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self-fertilisation and preventing to a certain extent 
cross-fertilisation, are wonderfully diversified; and it 
is remarkable that these differ widely in closely allied 
plants,^ — in the species of the same genus, and some- 
times in the individuals of the same species. It is 
not rare to find hermaphrodite plants and others 
with separated sexes within the same genus ; and it is 
common to find some of the species dichogamous and 
others maturing their sexual elements simultaneously. 
The dichogamous genus Saxifraga contains proter- 
androus and proterogynous species, t Several genera 
include both heterostyled (dimorphic or tiimorphic 
forms) and homostyled species. Ophrys offers a 
remarkable instance of one species having its structure 
manifestly adapted for self-fertilisation, and other 
species as manifestly adapted for cross-fertilisation. 
Some con-generic species are quite sterile and others 
quite fertile with their own pollen. From these several 
causes we often find w'ithin the srime genus species 
which do not produce seeds, wliile others produce an 
abundance, wh(ui insects are excluded. Some species 
boar clcistogamic flowers which cannot be crossed, as 
well as perh^ct flowers, whilst others in the same genus 
never produce clcistogamic flowers. Some species exist 
uuder two forms, the one bearing conspicuous flowers 
adapted for cross-fertilisation, the other bearing in- 
conspicuous flowers adapted for self-fertilisation, whilst 
other species in the same genus present only a single 
form. Even with the individuals of the same species, 
the degree of self-sterility varies greatly, as in Eeseda. 
With polygamous plants, the distribution of the sexes 

* Hildebrand has insisted natsbericht K, Akad. Berlin/ Oct. 
strongly to this effect in his 1872, p. 763. 
valuable obf^ervations on the fer- t Hr. Engler, ‘ Bot. Zeitung,' 
tilisaiion of the Gramineea : ‘ Mo- 1868, p. 833, 
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differs in the individuals of the same sjmies. The rela- 
tive period at which the sexual elements in the same 
flower are mature, differs in the varieties of Pelar- 
gonium; and Carriere gives several cases,* showing 
that the period varies according to the temperature to 
which the plants are exposed. 

This extraordinary diversity in the means for 
favouring or preventing cross- and self-fertilisation in 
closely allied forms, probably depends on the results 
of both processes being highly beneficial to the species, 
but in a directly opposed manner and dependent on 
variable conditions. Self-fertilisation assures the ])ro- 
duction of a large supply of seeds ; and the necessity 
or advantage of this will be determined by the average 
length of life of the plant, which largely depends on 
the amount of destmotion suffered by the seeds and 
seedlings. This destruction follows from the most 
various and variable causes, such as the presence of 
animals of several kinds, and the grc*wth of surround- 
ing plants. The possibility of cross-fertilisation de- 
pends mainly on the presence and number of certain 
insects, often of insects belonging to special groups, 
and on the degree to which they are attracted to the 
flowers of any particular species in preference to 
other flowers, — all circumstances likely to change. 
Moreover, the advantages which follow from cross- 
fertilisation differ much in different plants, so that it 
is probable that allied plants would often profit in 
different degi^jes by cross-fertilisation. Under these 
extremely complex and fluctuating conditions, with 
two somewhat opposed ends to be gained, namely, the 
safe propagation of the species and the production of 
cross-fertilised, vigorous offspring, it is not surprising 


* ‘Des Variet(?8,’ 1805, p. 30. 
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that allied forms should exhibit an extreme diversity 
in the means which favour either end. If, as there is 
reason at least to suspect, self-fertilisation is in some 
respects beneficial, although more than counterbalanced 
by the advantages derived from a cross with a fresh 
stock, the problem becomes still more complicated. 

As I only twice experimented on more than a single 
species in a genus, I cannot Siiy whether the crossed 
offspring of the several species within the same genus 
differ in their degree of superiority over their self- 
fertilised brethren ; but I should expecjt that this 
would often prove to be the case from what was 
observed with the two species of Lobelia and with the 
individuals of the same sjKjcies of Nicotiana. The 
species belonging to distinct genera in the same family 
certainly differ in this respect. The effects of cross- 
and self-fertilisation may be confined either to the 
growtli or to the fertility of the offspring, but generally 
extends to both qualities. There does not seem to 
exist any close correspondence betwetm the degree to 
which the flowers of species are adapted for cross- 
fertilisation, and the degree to which their offspring 
profit by this process ; but we may easily err on this 
head, as there are two means for favouring cross-ferti- 
lisation which are not externally perceptible, namely, 
self-sterility and the prepotent fertilising infiuence of 
pollen from another individual. Lastly, it has been 
shown in a former chapter that the effect produced by 
cross and self-fertilisation on the fertility of the parent- 
plants does not always correspond with that produced 
on the height, vigour, and fertility of their offspring. 
The same remark applies to crossed and self-fertilised 
seedlings when these are used as the parent-plants. This 
want of correspondence probably depends, at least in 
part, on the number of seeds produced being chiefly 
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determined by the number of the pollen-tubes which 
reach the ovules, and this will be governed by the re- 
action betw^een the pollen and the stigmatic secretion 
or tissues; whereas the growth and constitutional vigour 
of the offspring will be chiefly determined, not only by 
the number of pollen-tubes reaching the ovules, but by 
the nature of the reaction between the contents of the 
pollen-grains and ovules. 

There are two other important conclusions which 
may be deduced from my observations : firstly, that the 
advantages of cross-fertilisation do not follow from 
some mysterious virtue in the mere union of tw’o 
distinct individuals, but from such individuals having 
been subjected during previous generations to dif- 
ferent conditions, or to their having varied in a manner 
commonly called spontaneous, so that in either case 
their sexual elements have been in some degree differ* 
entiated. And secondly, that the injury from self- 
fertilisation follows from the want of such differentia- 
tion in the sexual elements. These two propositions 
are fully established by my experiments. Thus, when 
plants of the Ipomoea and of the Mimulus, which had 
been self-fertilised for the seven previous generations 
and had been kept all the time under the same condi- 
tions, were intercrossed one with another, the offspring 
did not profit in the least by the cross. Mimulus 
offers another instructive case, showing that the 
benefit of a cross depends on the previous treatment 
of the progenitors ; plants which had been self-fer- 
tilised for the eight previous generations were crossed 
with plants which had been intercrossed for the same 
number of generations, all having been kept under 
the same conditions as far as possible ; seedlings from 
this cross were grown in competition with others 
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derived from the same self-fertilised mother-plant 
crossed by a fresh stock ; and the latter seedlings were 
to the former in height as 100 to 52, and in fertility 
as 100 to 4, An exactly parallel experiment was 
tried on Dianthus, with this difference, that the plants 
had been self-fertilised only for the three previous gene- 
rations, and the result was similar though not so strongly 
marked. The foregoing two cases of the offspring of 
Ipomoea and Eschscholtzia, derived from a cross with a 
fresh stock, being as much superior to the intercrossed 
plants of the old stock, as these latter were to the self- 
fertilised offspring, strongly support the same conclu- 
sion. A cross with a fresh stock or with another variety 
seems to be always highly beneficial, whether or 
not the mother-plants have been intercrossed or self- 
fertilised for several j)revious generations. The fact 
that a cross between two flowers on the same plant 
does no good or very little good, is likewise a strong 
corroboration of our conclusion ; for the sexual 
elements in the flowers on the same plant can rarely 
have been differentiated, though this is possible, as 
flower-buds are in one sense distinct individuals, 
sometimes varying and differing from one another in 
structure or constitution. Thus the proposition that 
the benefit from cross-fertilisation depends on the 
plants which are crossed having been subjected during 
previous generations to somewhat different conditions, 
or to their having varied from some unknown cause as 
if they had been thus subjected, is securely fortified on 
all sides. 

Before proceeding any further, the view which has 
been maintained by several physiologists must be 
noticed, namely, that all the evils from breeding 
animals too closely, and no doubt, as they would say> 

2 o 
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from the self-fertilisation of plants, is the result of the 
increase of some morbid tendency or weakness of consti- 
tution common to the closely related parents, or to 
the two sexes of hermaphrodite plants. Undoubtedly 
injury has often thus resulted ; but it is a vain 
attempt to extend this view to the numerous eases 
given in my Tables. It should be remembered that the 
sam6 mother-plant was both self-fertilised and crossed, 
so that if she had been unhealthy she would have 
transmitted half her morbid tendencies to her crossed 
offspring. But plants appearing perfectly healthy, 
some of them growing wild, or the immediate offspring 
of wild plants, or vigorous common garden-plants, were 
selected for experiment. Considering the number of 
species which were tried, it is nothing less than absurd 
to suppose that in all these cases the mother-plants, 
though not appearing in any way diseased, were weak 
or unhealthy in so peculiar a manner that their self- 
fertilised seedlings, many hundreds in number, were 
rendered inferior in height, weight, constitutional 
vigour, and fertility to their crossed offspring. More- 
over, this belief cannot be extended to the strongly 
marked advantages which invariably follow, as far as 
my experience serves, from intercrossing the indivi- 
duals of the same variety or of distinct varieties, if 
these have been subjected during some generations to 
different conditions* 

It is obvious that the exposure of two sets of plants 
during several generations to different conditions can 
lead to no beneficial results, as far as crossing is con- 
cerned, unless their sexual elements are thus affected. 
That every organism is acted on to a certain extent by 
a change in its environment, will not, I presume, 
disputed. It is hardly necessaiy to advance evidence 
on this head ; w^e can perceive the difference between 
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individual plants of the same species which have 
grown in somewhat more shady or sunny, dry or damp 
places. Plants which have been propagated for some 
generations under different climates or at different 
seasons of the year transmit different constitutions to 
their seedlings. Under such circumstances, the che- 
mical constitution of their fluids and the nature of 
their tissues are often modified.* Many other such 
facts could be adduced. In short, every alteration in 
the function of a part is probably connected with some 
corresponding, though often quite imperceptible change 
in structure or composition. 

Whatever affects an organism in any way, likewise 
tends to act on its sexual elements. We see this in the 
inheritance of newly acquired modifications, such as 
those from the in(;rea8ed use or disuse of a part, and 
even from mutilations if followed by disease.f We 
have abundant evidence how susceptible the repro* 
ductive system is tc> changed conditions, in the many 
instances of aiiimaU rendered sterile by confinement ; 
so that they will riot unite, or if they unite do not 
produce offspring, though the confinement may be far 
from close ; and of plants rendered sterile by culti- 
vation. But hardly any cases afford more striking 
evidence how pow^erfully a change in the conditions of 
life acts on the sexual elements, than those already 
given, of plants w^hich are completely self-sterile in 
one country, and when brought to another, yield, even 


* Numerous ceses together with 
referuiicojj are given in my ‘Vari- 
ation under Uomestioation,' ch. 
xxiii. 2nd edit, vol. ii. p. 2G4:. 
With respect to animals, Mr. 
Biackenridge has weU shown 
(‘ A Contribution to the Thtjory of 
Diathesis/ Kdmbnrgii, 18l'.9) that 


the different organs of animals 
arc excited into different degrees 
of activity by differences of tempe- 
rature and food, and become to a 
certain extent adapted to them. 

t ‘Variation under IXmiestica- 
tion/ ch. xii. 2nd edit. vol. i. 
p. 460. 

2 G 2 
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in tlie first generation, a fair supply of self-fertilised 
seeds. 

But it may be said, granting that changed conditions 
act on the sexual elements, how can two or more 
plants growing close together, either in their native 
country or in a garden, be differently acted on, inasmuch 
as they appear to be exposed to exactly the same 
conditions ? Although this question has been already 
considered, it deserves further consideration from 
several points of view. In my ex|>eriments with 
Digitalis j/arpurea^ some flowers on a wild plant were 
self-fertilised, and others were crossed with pollen 
from another plant grow ing within two or three feet’s 
distance. The crossed and self-fertilised plants raised 
from the seeds thus obtained, produced flower-stems 
in number as 100 to 47, and in average height as 100 
to 70. Therefore the cross between these two plants 
was highly beneficial ; but how could their sexual 
elements have been diflerentiated by exposure to 
different conditions ? If the progenitors of the two 
plants had lived on the same spot during the last 
score of generations, and had never been crossed with 
any plant beyond the distance of a few feet, in all 
probability their offspring would have been reduced to 
the same state as some of the plants in my experiments, 
— such as the intercrossed plants of the ninth genera- 
tion of Ipomma, — or the self-fertilised plants of the 
eighth generation of Mimulus, — or the offspring from 
flowers on the same plant, — and in this case a cross 
between the two plants of Digitalis would have done 
no good, But seeds are often widely dispersed by 
natural means, and one of the above two plants or 
one of their ancestors may have ccmie from a distance, 
from a more shady or sunny, dry or moist place, or from 
a different kind of soil containing other organic or 
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inorgauic matter. We know from the admirable 
researches of Messrs. Lawes and Gilbert* that different 
plants require and consume very different amounts of 
inorganic matter. But the amount in the soil would 
probably not make so great a difference to the several 
individuals of any particular species as might at first 
be expected ; for the surrounding species with 
different requirements would tend, from existing in 
greater or lesser numbers, to keep each species in a 
sort of equilibrium, with respect to what it could obtain 
from the soil. So it would be oven with respect to 
moisture during dry seasons ; and how powerful is the 
influence of a little more or less moisture in the soil 
on the presence and distribution of plants, is often 
well shown in old pasture fields which still retain 
traces of former ridges and furrows. Nevertheless, as 
the proportional numbers of the surrounding plants in 
two neighbouring places is rarely exactly the same, the 
individuals of the same species will be subjected to 
somewhat different conditions with respect to what they 
can absorb from the soil. It is surprising how the free 
growth of one set of plants affects others growing 
mingled with them ; I allowed the plants on rather 
more than a square yard of turf which had been closely 
mown for several years, to grow up ; and nine species 
out of twenty were thus exterminated; but whether 
this was altogether due to the kinds which grew up 
robbing the others of nutriment, I do not know. 

Seeds often lie dormant for several years in the 
ground, and germinate when brought near the surface 
by any means, as by burrowing animals. They would 
probably be affected by the mere circumstance of having 

^ * Journal of the Royal Agricultural Soc. of England/ vol. xxi?, 
parti, 
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long lain dormant; for gardeners believe that the 
production of double flowers and of fruit is thus in- 
fluenced. Seeds, moreover, which were matured during 
different seasons, will have been subjected during the 
whole course of their development to different degrees 
of heat and moisture. 

It was shown in the last chapter that pollen is often 
carried by insects to a considerable distance from 
plant to plant. Therefore one of the parents or 
ancestors of our two plants of Digitalis may have been 
crossed by a distant plant growing under somewhat 
different conditions. Plants thus crossed often pro- 
duce an unusually large number of seeds ; a striking 
instance of this fact is afforded by the Bignonia, pre- 
viously mentioned, which was fertilised by Fritz Muller 
with pollen from some adjoining plants and set hardly 
any seed, but when fertilised with pollen from a dis- 
tant plant, was highly fertile. Seedlings from a cross 
of this kind grow with great vigour, and transmit their 
vigour to their descendants. These, therefore, in the 
stiTiggle for life, will generally beat and exterminate 
the seedlings from plants which have long grown near 
together under the same conditions, and will thus tend 
to spread. 

When two varieties which present well-marked 
differences are crossed, their descendants in the later 
generations differ greatly from one another in ex- 
ternal characters ; and this is due to the augmentation 
or obliteration of some of these characters, and to 
the reappearance of former ones through reversion; 
and so it will be, as we may feel almost sure, with any 
slight differences in the constitution of their sexual 
elements. Anyhow, my experiments indicate that 
crossing plants which have been long subjected to 
almost though not quite the same conditions, is the 
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most powerful of all the means for retaining some 
degree of differentiation in the sexual elements, as 
shown by the superiority in the later generations of the 
intercrossed over the self-fertilised seedlings. Never- 
theless, the continued intercrossing of plants thus 
treated does tend to obliterate such differentiation, as 
may be inferred from the lessened benefit derived from 
intercrossing siich plants, in comparison with that from 
a cross with a fresh stock. It seems probable, as I may 
add, that seeds have acquired their endless curious 
adaptations for wide dissemination,* not only that the 
seedlings should thus be enabled to find new and fitting 
homes, but that the individuals which have been long 
subjected to the same conditions should occasionally 
intercross with a fresh stock. 

From the foregoing several considerations we may, 
I tliink, conclude that in the above case of the Digitalis, 
and even in that of plants which have grown for 
thousands of generations in the same district, as must 
often have occurred with species having a much 
restricted range, we are apt to over-estimate the 
degree to which the individuals have been subjected 
U) absolutely the same conditions. There is at least 
no difficulty in believing that such plants have been 
subjected to sufficiently distinct conditions to differ- 
entiate their sexual elements ; for we know that a plant 
propagated for some generations in another garden in 
the same district serves as a fresh stock and has high 
fertilising powers. The curious cases of plants which 
e^n fertilise and be fertilised by any other individual 
of the same species, but are altogether sterile with their 
own pollen, become intelligible, if the view here pro- 
jKumded is correct, namely, that the individuals of the 

* See Prof Hildebrand's exeelleiit treatise, ‘ Verbreitnngsmittel der 
Pflaiixen,* 1873. 
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sAme species growing in a state of nature near together, 
have not really been subjected during several previous 
generations to quite the same conditions. 

Some naturalists assume that there is an innate 
tendency in all beings to vary and to advance in 
organisation, independently of external agencies ; and 
they would, I presume, thus explain the slight 
differences which distinguish all the individuals of the 
s^ime species both in external .characters and in con- 
stitution, as well as the greater differences in both 
respects between nearly allied varieties. No two 
individuals can be found quite alike ; thus if we sow a 
number of seeds from the same capsule under as nearly 
as possible the same conditions, they germinate at 
different rates and grow more or less vigorously. They 
resist cold and other unfavourable conditions differently. 
They would in all probability, as we know to be the 
case with animals of the same species, be somewhat 
differently acted on by the same poison, or by the same 
disease. They have different powers* of transmitting 
their characters to their offspring ; and many analogous 
facts could be given. Now, if it were true that 
plants growing near together in a state of nature had 
been subjected during many previous generations to 
absolutely the same conditions, such difierences as those 
just specified would be quite inexplicable ; but they 
are to a certain extent intelligible in accordance with 
the views just advanced. 

As most of the plants on which I experimented 
were grown in my garden or in pots under glass, a few 
words must be added on the conditions to which they 
were exposed, as well as on the effects of cultivation. 
When a species is first brought under culture, it may 


♦ Vilmorin, as quoted by Verlot, ‘ Des Vorieted/ pp. 32, 38, 39. 
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or may not be subjected to a change of climate, but it 
is always grown in ground broken up, and more or less 
manured ; it is also saved from competition with other 
plants. The paramount importance of this latter 
circumstance is proved by the multitude of species 
which flourish and tnultiply in a garden, but cannot 
exist unless they are protected from other plants* 
When thus saved from competition they are able to 
get whatever they require from the soil, probably 
often in excess ; and they are thus subjected to a great 
change of conditions. It is probably in chief part 
owing to this cause that all plants with rare except 
tions vary after being cultivated for some generations. 
The individuals which have already begun to vary 
will intercross one with another by the aid of insects ; 
and this accounts for the extreme diversity of character 
which many of our long cultivated plants exhibit* 
But it should be observed that the result will be 
largely determined by the degree of their variability 
and by the frequency of the intercrosses ; for if a plant 
varies very little, like most species in a state of nature, 
frequent intercrosses tend to give uniformity of 
character to it. 

I have attempted to show that with plants growing 
naturally in the same district, except in the unusual 
case of each individual being surrounded by exactly 
the same proportional numbers of other species having 
certain powers of absorption, each will be subjected to 
slightly different conditions. This does not apply to 
the individuals of the some species when cultivated in 
cleared ground in the same garden. But if their 
flowers are visited by insects, they will intercross ; and 
this will give to their sexual elements during a 
considerable number of generations a sufficient amount 
of differentiation for a cross to be beneficial* More- 
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over, seeds are frequently exchanged or procured from 
other gardens having a different kind of soil ; and the 
individuals of the same cultivated species will thus be 
subjected to a change of conditions. If the flowers are 
not visited by our native insects, or very rarely so, 
as in the case of the common and sweet pea, and 
apparently in that of the tobacco when kept in a 
hothouse, any differentiation in the sexual elements 
caused by intercrosses will tend to disappear. This 
appears to have occurred with the plants just 
mentioned, for they were not benefited by being 
crossed one with another, though they were greatly 
benefited by a cross with a fresh stock. 

I have been led to the views just advanced with 
respect to the causes of the differentiation of the sexual 
elements and of the variability of our garden plants, 
by the results of my various experiments, and more 
especially by the four cases in which extremely incon- 
stant species, after having been self-fertilised and 
grown under closely similar conditions for several 
generations, produced flowers of a uniform and constant 
tint. These conditions were nearly the same as those 
to which plants, growing in a garden clear of weeds, 
are subjected, if they are propagated by self-fertilised 
seeds on the same spot. The plants in pots were, 
however, exposed to less severe fluctuations of climate 
than those out of doors ; but their conditions, though 
closely uniform for all the individuals of the same 
generation, differed somewhat in the successive gene- 
rations. Now% under these circumstances, the sexual 
elements of the plants which were intercrossed in each 
generation retained sufficient difierentiation during 
several years for their offspring to be superior to 
the self-fertilised, but this superiority gradually and 
manifestly decreased, as was shown by the difference 
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iu the result between a cross with one of the inter- 
crossed plants and with a fresh stock. These inter- 
crossed plants tended also in a few cases to become 
somewhat more uniform in some of their external cha- 
racters than they were at first. With respect to the 
plants which were self-fertilised in each generation, 
their sexual elements apparently lost, after some years, 
all diflerentiation, for a cross between them did no 
more good than a cross betw^een the flowers on the 
same plant. But it is a still more remarkable fact, that 
although the seedlings of Mimulus, Ipomoea, Dianthus, 
and Petunia which were first raised, varied excessively in 
the colour of their flowers, their offspring, after being 
seir-fertilised and grown under uniform conditions for 
some generations, bore flowers almost as uniform in 
tint as those on a natural species. In one case also 
the plants themselves became remarkably uniform in 
height. 

The conclusion that the advantages of a cross 
depend altogether on the diflerentiation of the sexual 
elements, harmonises perfectly with the fact that an 
occasional and slight change in the conditions of life 
is beneficial to all plants and animals.* But the 
ofi*spring from a cross between organisms which have 
been exposed to diflerent conditions, profit in an in^ 
comparably higher degree than do young or old beings 
from a mere change in their conditions. In this 
latter case we never see anything like the efiect 
which generally follows from a cross with another 
individual, especially from a cross with a fresh stock. 
This might, perhaps, have been expected, for the 
blending together of the sexual elements of two dif- 
ferentiated beings will afiect the whole constitution at 

* I have given enfficient evi- ation under Domestication,* ch. 
dence on tiiis head in my ‘ Vari- xviii. vol. ii. 2nd edit p. 127. 
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a vety early period of life, whilst the organisation is 
highly flexible. We have, moreover, reason to believe 
that changed conditions generally act differently on 
the several parts or organs of the same individual f 
and if we may further believe that these now slightly 
differentiated parts react on one another, the harmony 
between the beneficial effects on the individual due to 
changed conditions, and those due to the interaction of 
differentiated sexual elements, becomes still closer. 

That wonderfully accurate observer, Sprengel, who 
first showed how important a part insects play in the 
fertilisation of flowers, called his book * The Secret 
of Nature Displayed;’ yet he only occasionally saw 
that the object for which so many curious and beautiful 
adaptations have been acquired, was the cross-fertilisa- 
tion of distinct plants ; and he knew nothing of the 
benefits which the offspring thus receive in growth, 
vigour, and fertility. But the veil of secrecy is as 
yet far from lifted ; nor will it be, until we can say 
why it is beneficial that the sexual elements should 
be differentiated to a certain extent., and why, if the 
differentiation be carried still further, injury follows, 
It is an extraordinary fact that with many species, 
even when growing under their natural conditions, 
flowers fertilised with their own pollen are either 
absolutely or in some degree sterile ; if fertilised with 
pollen from another flower on the same plant, they are 
sometimes, though rarely, a little more fertile; if 
-fertilised with p)llen from another individual or variety 
of the same species, they are fully fertile ; but if 
with pollen from a distinct species, they are sterile 
in all possible degrees, until utter sterility is reached. 

♦ See, for iustaace, Braokenridge, * Theory of Piathesis,* Ediiibuigfh, 
1S6^* 
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We thus have a long series with absolute sterility at 
the two ends ; — at one end due to the sexual elements 
not having been sufficiently differentiated, and at the 
other end to their having been differentiated in too 
great a degree, or in some peculiar manner. 

The fertilisation of one of the higher plants depends, 
in the fii’st place, on the mutual action of the pollen- 
grains and the stigmatic secretion or tissues, and after- 
wards on the mutual action of the contents of the 
pollen-grains and ovules. Both actions, judging from 
the increased fertility of the parent-plants and from the 
increased powers of growth in the offspring, are favoured 
by some degree of differentiation in the elements 
wh'ch interact and unite so as to form a new being. 
Here we have some analogy with chemical affinity or 
attraction, which conies into play only between atoms 
or molecules of a different nature. As Prof. Miller 
remarks: Generally speaking, the greater the dif- 
ference in the properties of two bodies, the more intense 
is their tendency to mutual chemical action. . . . But 
between bodies of a similar character the tendency to 
unite is feeble,”* This latter proposition accords well 
with the feeble effects of a plant’s own pollen on the 
fertility of the mother-plant and on the growth of the 
offspring ; and the former proposition accords well with 
the powerful influence in both ways of pollen from an 
individual which has been differentiated by exposure 
to changed conditions, or by so-called spont^eous 
variation. But the analogy fails when we turn to the 
n(^gative or weak effects of pcfllen froih one species on 
a distinct species ; for although some substances which 
are extremely dissimilar, for instance, carbon and 

♦ * Elements of ChemiKtry/ 4th views with respect to chemical 
edit. 1867, part i. p. 11. Dr. affinity are generally accepted by 
Frankland informs me that similar chemists. 



462 


GENERAL RESULTS* 


Chap. XII. 


chlorine, have a very feeble affinity for each other, 
yet it cannot be said that the weakness of the affinity 
depends in such cases on the extent to which the 
substances differ. It is not known why a certain 
amount of differentiation is necessary or favourable 
for the chemical affinity or union of two substances, 
any more than for the fertilisation or union of two 
organisms. 

Mr. Herbert Spencer has discussed this whole subject 
at great length, and after stating that all the forces 
throughout nature tend towards an equilibrium, 
remarks, ‘‘that the need of this union of sperm- 
cell and germ-cell is the need for overthrowing this 
equilibrium and re-establishing active molecular 
change in the detached germ — a result which is 
probably effected by mixing the slightly-different 
physiological units of slightly different individuals.” * 
But we must not allow this highly generalised view, 
or the analogy of chemical affinity, to conceal from \is 
our ignorance. We do not know what is the nature or 
degree of the differentiation in the sexual elements 
which is favourable for union, and what is injurious for 
union, as in the case of distinct species. We cannot 
say why the individuals of certain species profit greatly, 
and otWs very little by being crossed. There are some 
few species which have been self-fertiiteed for a vast 
number of generations, and yet are vigorous enough 
to compete successfully with a host of surrounding 
plants. Highly self-fertile varieties sometimes arise 

♦ ‘ Principles of Biology/ vol.i. changes in the conditions and 
p. 274, 1S04. In my ‘Origin of from crossing widely distinct forms 
Species/ published in 1859, I (i.e., species), as a series of facts 
spoke of the good effects from “ connected together by some 
slight changes in the conditions of common but unknown bond, 
life and cross-fertilisation, whicii is essentially related to 

aud of the evil effects from great the principle of life.” 
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among plants which, have been self-fertilised and 
grown under uniform conditions during several gene- 
rations. We can form no conception why the 
advantage from a cross is sometimes directed exclu- 
sively to the vegetative system, and sometimes to the 
reproductive system, but commonly to both. It is 
equally inconceivable why some individuals of the same 
species should be sterile, whilst others are fully fertile 
with their own pollen ; why a change of climate should 
either lessen or increase the sterility of self-sterile 
species; and why the individuals of some species should 
be even more fertile with pollen from a distinct species 
than with their own pollen. And so it is with many 
other facts, which are so obscure that we stand in 
awe before the mystery of life. 

Under a practical point of view, agriculturists and 
horticulturists may learn something from the conclu- 
sions at which we have arrived. Firstly, we see that 
the injury from the close breeding of animals and 
from the self-fertilisation of plants, does not necessarily 
depend on any tendency to disease or weakness of con- 
stitution common to the related parents, and only 
indkectly on their relationship, in so far as they are 
apt to resemble each other in all respects, including 
their sexual nature. And, secondly, that the advantages 
of cross-fertilisation depend on the sexual elements of 
the parents having become in some degree differentiated 
by the exposure of their progenitors to different 
conditions, or from their having irPfcercrossed with 
individuals thus exposed, or, lastly, from what we call 
in our ignorance spontaneous variation. He therefore 
who wishes to pair closely related animals ought to 
keep them under conditions as different as possible. 
Som§ few breeders, guided by their keen powers of 
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observation, have acted on this principle, and have kept 
stocks of the same animals at two or more distant and 
difierently situated farms. They have then coupled 
the individuals from these farms with excellent results.* 
This same plan is also unconsciously followed whenever 
the males, reared in one place, are let out for propaga- 
tion to breeders in other places. As some kinds of 
plants suffer much more from self-fertilisation than do 
others, so it probably is with animals from too close 
interbreeding. The effects of close interbreeding on 
animals, judging again from plants, would be dete- 
rioration in general vigour, including fertility, with no 
necessary loss of excellence of form ; and this seems 
to be the usual result. 

It is a common practice with horticulturists to 
obtain seeds from another place having a very dif- 
ferent soil, so as to avoid raising plants for a long 
succession of generations under the same conditions ; 
but with all the species which freely intercross by the 
aid of insects or the wind, it would be an incomparably 
better plan to obtain seeds of the required variety, 
which had been raised for some generations under as 
different conditions as possible, and sow them in 
alternate rows with seeds matured in the old garden. 
The two stocks would then intercross, with a thorough 
blending of their whole organisations, and with no loss 
of purity to the variety ; and this would yield far more 
favourable results than a mere exchange of seeds. We 
have seen in my experiments how wonderfully the 
offspring profited in height, weight, hardiness, and fer- 
tility, by crosses of this kind. For instance, plants of 
Ipomoea thus crossed were to the intercrossed plants 
of the same stock, with which they grew in competition, 

♦ * Variation of Animals and Plants under Domestication/ ch. xvit 
2nd edit. vol. ii. pp. 98, 105. 
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as 100 to 78 in height, and as 100 to 51 in fertility ; 
and plants of Eschscholtzia similarly compared were 
as 100 to 45 in fertility. In comparison with self- 
fertilised plants the results are still more striking; 
thus cabbages derived from a cross with a fresh stock 
were to the self-fertilised as 100 to 22 in weight. 

Florists may learn from the four cases which have 
been fully described, that they have the power of fixing 
each fleeting variety of colour, if they will fertilise the 
flowers of the desired kind with their own pollen for 
half-a-dozen generations, and grow the seedlings under 
the same conditions. But a cross with any other in- 
dividual of the same variety must be carefully pre- 
vented, as each has its own peculiar constitution. After 
a dozen generations of self-fertilisation, it is probable 
tliat the new variety would remain constant even if 
grown under somewhat different conditions ; and there 
would no longer be any necessity to guard against inter- 
crosses between the individuals of the same variety. 

With respect to mankind, my son George has en- 
deavoured to discover by a statistical investigation* 
whether the marriages of first cousins are at all in- 
jurious, although this is a degree of relationship 
which would not be objected to in our dome8ti<j 
animals ; and he has come to the conclusion from his 
own researches and those of Dr. Mitchell that the 
evidence as to any evil thus caused is conflicting, but 
on the whole points to its being very small. From the 
facts given in this volume we may infer that with 
mankind the marriages of nearly relatl!>d persons, some 
of whose parents and ancestors had lived under very 
different conditions, would be much less injurious than 
that of persons who had always lived in the same 

• ‘Journal of Statistical Boc* June 1875, p. 153; and * Fortnightly 
Review,* June 1875. 
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place and followed the same habits of life. Nor can I 
see reason to doubt that the widely different habits of 
life of men and women in civilised nations, especially 
amongst the upper classes, would tend to counter- 
balance any evil from marriages between healthy and 
somewhat closely related persons. 

Under a theoretical point of view it is some gain to 
science to know that numberless structures in her- 
maphrodite plants, and probably in hermaphrodite 
animals, are special adaptations for securing an occa- 
sional cross between two individuals; and that the 
advantages from such a cross depend altogether on the 
beings which are united, or their progenitors, having 
had their sexual elements somewhat differentiated, so 
that the embryo is benefited in the same manner as is 
a mature plant or animal by a slight change in its 
conditions of life, although in a much higher degree. 

Another and more important result may be deduced 
from my observations. Eggs and seeds are highly 
serviceable as a means of dissemination, but we now 
know that fertile eggs can be produced without the 
aid of the male. There are also many other methods 
by which organisms can l>e propagated asexually. 
Why then have the two sexes been developed, and 
why do males exist which cannot themselves produce 
offspring ? The answer lies, as I can hardly doubt, in 
the great good which is derived from the fusion of two 
somewhat differentiated individuals ; and with the 
exception of the lowest organisms this is possible only 
by means of the sexual elements, these consisting of 
cells separated from the body, containing the germs of 
every part, and capable of being fus^ completely 
together. * 

It has been shown in the present volume that the 
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ofisprmg from the union of two distinct individuals, 
especiaily if their progenitors ikve been subjected to 
very different conditions, have immense advantage 
in height, weight, constitutibnal vigour and fertility 
over the self-fertilised offspring from one of the same 
parents. And this fact is amply sufiScient to account 
for the development of the sexual elements, that is, for 
the genesis of the two sexes. 

It is a different question why. the two sexes are 
sometimes combined in the same individual and are 
sometimes separated. As with many of the lowest 
plants and anima^p the conjugation of two individuals 
which are either quite similar or in some degree dif- 
fe^'ent, is a common phenomenon, it seems probable, 
as remarked in the last chapter, that the sexes w^ere 
primordially separate. The individual which re<:^eives 
the contents of the other, may be called the female ; 
and the other, which is often smaller and . more loeo 
motive, may be called the male ; though these sexual 
names ought hardly to be applied as long as the 
whole contents of the two forms arc blended into one. , 
The object gained by the two sexes becoming united 
in the same hermaphrodite form probably is to allow 
of occasional or frequent self-fertilisation, so as to 
ensure the propagation of the species, more especially 
in the case of prganisms affixed for life to the saint* 
spot. There does not seem to be any great difficulty 
in understanding how an organisfa, formed by the 
conjugation of two individuals which represented the 
two incipient sexes, might give rise«^by budding first 
to a monoecious and then* to an hermaphrodite form ; 
and in the case of animals even without budding- to 
an hermaphrodite form, for the bilateral structure bf 
animals perhapi indicates that they w^ere aboriginally 
formed by the fusion of two individuals. 

2 H 2 
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offspring from the union of tw distinct individuals, 

especi^iy if their progenitors Imve been subjected to 
very different conditions, have ^n immense advantage 
in height, weight, constitutibnal vigour and fertility 
over the self-fertilised offspring from one of the same 
parents. And this fact is amply sufficient to account 
for the development of the sexual elements, that is, for 
the genesis of the two sexes. 

It is a different question why the two sexes , are 
sometimes combined in the same individual and are 
sometimes separated. As with many of the lowest 
plants and animal^ the conjugation of two individuals 
which are either quite similar or in some degree dif- 
fe^’ent, is a common phenomenon, it seems probable, 
as remarked in the last chapter, that the sexes were 
primordially separate. The individual which receives 
the contents of the other, may be called* the female ; 
and the other, which is often smaller and more loco- 
motive, may be called the male ; though these sexual 
mimes ought hardly to be applied as long as the 
whole contents of the two forms are blended into one. . 
The object gained by the two sexes becoming unitetl 
in the same hermaphrodite form probably is to allow 
of occasional or frequent self-fertilisation, so as to 
ensure the propagation of the species, more especially 
in the case of prganisms affixed for life to the same 
spot. There does not seem to be any great difficulty 
in understanding how an organis^, formed by thi^ 
conjugation of two individuals ivhi6h represented the 
two incipient sexes, might give ris^ by budding first 
to a monoecious and then- to an hermaphrodite form; 
and in the case of animals even without budding* to 
an hermaphrodite form, for the bilateral structure 4>f 
animfeils perhapi indicates that they were aboriginally 
formed by the fusion of two individuals. 
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of pollfert from another individual or variety, although 
the latter may have been placed on the stigma some 
hours afterwards. The offspring from self-fertilised 
flowers ate themselves more or less sterile, sometimes 
highly sterile, and their pollen is sometimes in an 
imperfect condition ; but I have not met with any case 
of complete sterility in* self-fertilised seedlings, as is 
so common with hybrids. The degree of their sterility 
does not correspond with that of the parent-plants when 
first self-fertilised. The offspring of self-fertilised 
plants suffer in stature, weight, and constitutional 
vigour more frequently and in a greater degree than 
do the hybrid offspring of the greater number of 
crossed species. Decreased height is transmitted to 
the next generation, but I did not ascertain whether 
this applies to decreased fertility. 

I have elsewhere shown * that by uniting in various 
ways dimorphic or trimorphic heterostyled plants, 
which belong to the same undoubted species, we get 
another series of results exactly parallel with those 
from crossing distinct species. Plants illegitimately 
fertilised with pollen from a distinct plant belonging 
to the same form, yield fewer, often much fewer seeds, 
than they do when legitimately fertilised with pollen 
from a plant belonging to a distinct form. They some- 
times yield no seed, not even an empty capsule, like 
a species fertilised with pollen from a distinct genus. 
The "degree of sterility is much affected by the condi- 
tions to which the plants have been subjected. The 
pollen from* a distinct form is strongly prepotent over 
that from the same form, although the former may 
have been placed on the stigma many hours afterwards. 

* ‘ The Different Forms of Flowers on Plante of the same species,* 
1877, p. 240. 
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The offspring from a union between plants of the same 
form are more or less sterile, like hybrids, and have 
their pollen in a more or less aborted condition ; and 
some of the seedlings are as barren and as dwarfed as 
the most barren hybrid. They also resemble hybrids in 
several other respects, which need not here be specified 
in detail, — such as their sterility not corresponding 
in degree with that of the parent plants, — ^the unequal 
sterility of the latter, when reciprocally united, — 
and the varying sterility of the seedlings raised from 
the same seed-capsule. 

We thus have two grand classes of cases giving results 
which correspond in the most striking manner with 
those which follow from the crossing of so-called true 
and distinct species. With respect to the difference 
between seedlings raised from cross and self fertilised 
flowers, there is good evidence that this depends alto- 
gether on whether the sexual elements of the parents 
have been sufficiently differentiated, by exposure to 
different conditions or by spontaneous variation. The 
manner in which plants have been rendered hetero- 
styled is an obscure subject, but it is probable that the 
two or three forms first became adapted for mutual 
fertilisation, that is for cross-fertilisation, through the 
variation of their stamens and pistils in length, and 
that afterwards their pollen and ovules became co- 
adapted ; the greater or less sterility of any one form 
with pollen from the same form being an incidental 
result.* Anyhow, the two or three forms of hetero- 
styled species belong to the same sjJecies as certainly 
as do the two sexes of any one species. We have 
therefore no right to maintain that the sterility of 
species when first crossed and of their hybrid offspring, 

♦ This subject has been discussed in my ‘Different Forms ol 
Flowers Ac./ pp. 260-268. 
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is determined by some cause fundamentally different 
from that which determines the sterility of the indi- 
viduals both of ordinary and of heterostyled plants 
when united in various ways. Nevertheless, I am 
aware that it will take many years to remove this 
prejudice. 

There is hardly anything more wonderful in nature 
than the sensitiveness of the sexual elements to external 
influences, and the delicacy of their afiSnities. We see 
this in slight changes in the conditions of life being 
favourable to the fertility and vigour of the parents, 
while certain other and not great changes cause them 
to be quite sterile without any apparent injury to their 
health. We see how sensitive the sexual elements of 
those plants must be, which are completely sterile with 
their own pollen, but are fertile with that of any other 
individual of the same species. Such plants become 
either more or less self-sterile if subjected to changed 
conditions, although the change may be far from great. 
The ovules of a heterostyled trimorphic plant are 
affected very differently by pollen from the three sets 
of stamens belonging to the same species. With ordi- 
nary plants the pollen of another variety or merely of 
another individual of the same variety is often strongly 
prepotent over its own pollen, when both are placed 
at the same time on the same stigma. In those great 
families of plants containing many thousand allied 
species, the stigma of each distinguishes with unerr- 
ing certainty its own pollen from that of every 
other species. 

There can be no doubt that the sterility of dis- 
tinct species when first crossed, and of their hybrid 
offspring, depends exclusively on the nature or afiS- 
uities of their sexual elements. We see this in the 
want of any close correspondence between the degree 
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of sterility and the amount of external difference in the 
species which are crossed ; and still more clearly in the 
wide difference in the results of crossing reciprocally 
the same two species; — that is, when species A is 
crossed with pollen from B, and then B is crossed with 
pollen from A. Bearing in mind what has just been 
said on the extreme sensitiveness and delicate affinities 
of the reproductive system, why should we feel any 
surprise at the sexual elements of those forms, which 
we call species, having been differentiated in such a 
manner that they are incapable or only feebly capable 
of acting on one another? Wo know that species have 
generally lived under the same conditions, and have 
retained their own proper characters, for a much longer 
period than varieties. Long-continued domestication 
eliminates, as I have shown in my Variation under 
Domestication,’ the mutual sterility which distinct 
species lately taken from a state of nature almost always 
exhibit when intercrossed; and we can thus understand 
the fact that the most different domestic races of animals 
are not mutually sterile. But whether this holds good 
with cultivated varieties of plants is not known, though 
some facts indicate that it does. The elimination of 
sterility through long-continued domestication may 
probably be attributed to the varying conditions to 
which our domestic animals have been subjected ; and 
no doubt it is owing to this same cause that they with- 
stand great and sudden changes in their conditions of 
life with far less loss of fertility than do natural species. 
From these several considerations it "appears probable 
that the difference in the aflSnities of the sexual 
elements of distinct species, on which their mutual 
incapacity for breeding together depends, is caused by 
their having been habituated for a very long period 
each to its own conditions, and to the sexual elements 
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haying thijis acquired firmly fixed afiinities. However 
this may 1^, with the two great classes of cases before 
us, namely, those relating to the self-fertilisation and 
cross-fertilisation of the individuals of the same species, 
and those relating to the illegitimate and legitimate 
unions of heterostyled plants, it is quite unjustifiable to 
assume that the sterility of species when first crossed 
and of their hybrid offspring, indicates that they 
differ in some fundamental manner from the varieties 
or individuals of the same species. 
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A. 

Ahutilon (larwiniiy self- sterile In , 
Brazil, 333/358 ; moderately self- I 
fertile in England, 314 ; fertilised j 
by birds, 371 j 

Aoaoia (sphxroceplutla^ 406 j 

Ag(X ithucei^i 96 j 

Anonitim napeUuSt 431 
Adlumia cirrliom^ 306 ! 

Adonis ftativaliSy 128 ; measure- ! 
meuts, 128; relative heights of j 
crossed and self-fertilised plants, i 
277 ; self-fertile, 365 
Ajuga reptansy 368 
Allium cepa (blood-red var.), 369 
Auagallie coUina (var. gra)idiJlora% 
217, 267 ; moasuremeuls, 218 ; 
see ds, 316, 323, 325 
Anderson, J., on the Calceolaria, 87 ; 

removing the coroUas, 423 
Anemone, 396 

Anemophilons plants, 401; often 
diclinous, 411 

Antirrhinum majus (red var.), 363 ; 
perforated corolla, 432 
- (white var.), 363 
• (peloric var.), 363 
Apium ^etroaelmum^ 172 ; result of 
experiments, 277 
Ar^emone ochrokum^ 366 
Aristotle on bees frequenting flowers 
of the same species, 418 
Aristoloohia^ 420 
Arum tnaculatuti% 420 

B. 

Bailey, Mr., perforation of corolla, 
430 


BENNETT. 

Bartonia awrea, 170 ; measurements, 
170, 171; result of experiments, 
277 

Bartsia odontites^ 869 
Beal, W. J., sterility of Kalmia 
latifolia, 359 ; on nectar in Eihea 
aureum^ 435 
Bean, the common, 435 
Bees distinguish colours, 873; fre- 
quent the flowers of the same 
sf^ocies, 418. 423; guided by 
coloured corolla, 423; powers of 
vision and discrimination, 425; 
memory, 426 ; unattracted by 
odour of certain flowers, 426; 
industry, 427; profit by the co- 
rolla perforated by bumble-bees, 
430 ; skill in working, 431 ; habit, 
434; foresight. 436 

, humble, recognise varieties 

as of one species, 419; colour 
not the sole guide, 424; rate of 
flying, 427; number of flowers 
visited, 428; corolla perforated 
by, 429, 436 ; skill and judgment, 

432 

Belt, Mr,, the hairs of Digitalis 
purpureay 82; DkaseoJus 
floruSy 151 ; not visited by bees 
in Nicaragua, 360; humming- 
birds carrying pollen, 371 ; se- 
cretion <;|f nectar, 404 ; in Amcia 
sphxrocephalus and pa.ssion- 
nower, 406 ; perforation of corolla, 

433 

Bennett, A, W., on Viola trieolovy 
123 ; structure of Impatiemfuha^ 
867; plants flowering in winter, 
886; m)es frequenting flowers of 
same species, 419 
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BiilNTHAM. 

Bentham, on protection of the 
stigma in Synaphea^ 415 
^eta mtJgam, 228 ; measurements, 
229, 230; crossed not exceeded 
by self-fertilised, 289, 387; pre- 
potency of other pollen, 399 
Bignonia, 383 

Birds means of fertilisation, 871 
Blackley, Mr^ weights of pollen of 
anemophilous plants, 377, 378; 
on anthers of rye, 378; pollen 
carried by wind, experiments with 
a kite, 408 
Jhraginacm, 185 

Batago officimlis, 185, 276; mea- 
surements, 188; early flowering 
of crossed, 293 ; seeds, 323 ; par- 
tially self-sterile, 362 
Boulger, Mr., on moths frequenting 
Petunias, 188 

Brackenridge, Mr., organism of ani- 
mals affected by temperature aud 
food, 446 ; difterent effect of 
changed conditions, 455 
Brassica oleracea^ 98 ; measure- 
ments, 100; weight, 101, 102; 
remarks on experiments, 282 ; 
superiority of crossed, 288 ; period 
of flowering, 292; seeds, 322; 
self-fertile, 385 

mpu8, 395 

rapa, 395 

Brisout, M., insects frequenting 
flowers of same species, 422 
Broom, 163 

Brugmamia^ 371; humming-birds 
boring the flower, 435 
Bulrush, weight of pollen produced 
by one plant, 407, 408 
Bundy, Mr,, Bibes perforated by 
bees, 435 

Burbidge, references on the germi- 
nation of small seeds, 355 
Biitsclili, 0., sexual relations, 412 


a 

Cabbage, 98 ; affected by pollen of 
purple bastard, 379; prepotency 
of other pollen, 395, 399 


CONTOLVULUfl. 

Cabbage, Ragged Jack, 897 
Calceolaria^ 87, 369 
Calluna vulgaris, 424 
Campanula carpathioa^ 174, 364 
Campanulacex, 174 
Candolle, A. de, on ascending 
a mountain the flowers of the 
same species disappear abruptly, 
391 

Canna warscewiezi, 280; result of 
crossed and self-fertilised, 278; 
period of flowering, 294 ; seeds, 
323, 325; highly self-fertile, 389 
Cannacex, 230 
Carduus arctwides, 404 
Carnation, 132 

Carriere, relative period of the ma- 
turity of the sexual elements on 
same flower, 446 
GaryophyllacefCj 180 
Caspary, Professor, on Cory dolts 
cam, 331 ; Nymphmctcess, 358 ; 
Buryale ferox, 385 ; on flowers of 
water-lilies, 392 
Cecropia, food-bodies of, 404 
Centradenia florihunda, 384 
Cereals, gnuns of, 354 
Clieeseman, Mr., on Orchids in New 
Zealand, 392 
ChenopodiaoeXj 228 
Cineraria, 335 

Clarhiaelegans, 169 ; measurements, 
170 ; early flowering of self-fer- 
tilised, 294, 296; seeds, 316 
Cleistogumio flowers, 90 
Coe, Mr., crossing Bhaseolus vul- 
garis, 133 

Colgate, R., red clover never sucked 
by hive-bees in New Zealand, 
361 

Colour, uniform, of flowers on plants 
self fertilised and grown under 
similar conditions for several gene- 
rations, 806, 307 

Colours of flowers attractive to in- 
sects, 372 ; not the sole guide to 
bees, 424 
ComposiUe, 173 
Cfmtferm, 402 
Convolvulus major, 28 
— tricolor, 55 
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COBOILA. 

Corolla, removal of, 423 ; perforation 
by bees, 428 
Coronilla, 407 
Curydalis cava^ 331, 358 
■ lutllsTif 331 
— ^ intermedia^ 331 

Ivtea^ 359 

ochrolevmy 359 

Corydalia solida^ 358 
Corylus avdlana^ 390 
Cowslip, 219 
CriuuMy 396 

Crossed plants, greater constitu- 
tional vigour of, 285 
Cross-fertilisation, 371 : ftee Fertilisa- 
tion, 

Crossing flowers on same plant, 
effects of, 297 
CrtiK ifer«, 98 

Criiger, Dr., secretion of sweet 
fluid in MarcgtariaceK, 407 
Cuphf^-a purpurea, 323, 362 
Cycadefe, 402 

Cydamen persieum, 215 ; measure- 
ments, 216; etirly flowering of 
crossed, 293 ; seeds, 317, 323 ; 
self-sterile, 862, self-fertilization 
injurious, 448 
— — npaudum, 215 
Cyihm laburnum, 362 


D. 

pandelion, number of pollen-grains, 
377 

Darwin, 0., self-fertilisation in 
iHmm miivum, 161 ; sexual affini- 
ties, 209; on Primula, 219 ; bud 
variation, 298 ; constitutional 
vigour from cross parentage in 
common pea, 305; hybrids of 
Gladiolus and Cistus, 306 ; Pha- 
seolus muUiflorus, 360; nectar 
in orchids, 407; on cross-ferti- 
lisation, 440, 442, 443; inheri- 
tance of acquired modifications, 
451 ; change in the conditions of 
life benencial to plants and 
animals, 459 


dipsaceje. 

Darwin, F., structure of Phaseolus 
multi fioruB, 150 ; Pteris aquilina, 
405 ; on nectar glands, 406 ; per- 
foration of Lathyrus sylvestris, 
432 

, G., on marriages with first 

cousins, 465 

Dec'aisne on Delphinium consol ida, 
129 

De Candolle, nectar as an excretion, 
403 

Delphinium consolida, 129; mea- 
suremtuits, 130 ; set^ds, 822 ; par 
tially sterile, 358; corolla re- 
moved, 423 

Delpino, Piofessor, Viola tricolm-, 
123; Phaseolus muUiflorus, 150; 
intercrossing of sweet-pea, 156; 
Lobelia ramosa, 176; structure 
of the Cannacem, 230 ; wind and 
water carrying pollen, 372 ; 
Juglans regia, 891 ; anemophi- 
lous plants, 401 ; fertilisation of 
Plantago, 403 ; excretion of 
nectar, 404, 407 ; secretion of 
nectar to defend the plant, 406, 
407; ancmophilous and entomo- 
philous plants, 411; dioecious 
plants, 417 

Denny, Pelargonium zonale, 142 

Diagram showing mean height of 
Ipomcea purpurea, 53 

Dianthm caryophyllus, 132 ; crossed 
and self-fertilised, 133-136 ; mea- 
surements, 135-138; cross with 
fresh stock, 136 ; weight of seed, 
139; colour of flowem, 139; re- 
marks on experiments, 263, 274 ; 
early flowering of crossed, 292; 
nniform colour of self-fertilised, 
309; seeds, 816, 819, 328, 325; 
few capsules, 360 

Dickie, Di^ self-fertilisation in 
Cannacm, 280 

Dictamnus fraxinella, 419 

Digitalis purpurea, 81 ; measure- 
ments, 84-87; effects of inter- 
crossing, 85, 299; superiority of 
crossed, 288, 452; self-sterile, 
363 

Dipsaoese, 172 
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DOBBS. 

Dobbs, bees frequenting flowers of 
same species, 419 

Dodel, Dr, A., sexual reproduction, 
412 

Duhamel on Baphanus sativws, 
395 

Dunal, nectar as an excretion, 
403 

Dyer, Mr. Thiselton, on Lotielia 
ramo$a, 17G ; on Cineraria^ 385 ; 
origin of Hermaphroditism, 413 

£. 

Earley, W., self-fertilisation of 
Laihyrus odoratm^ 153 
Eaton, Kev. A. E., on PHmjlea^ ^10 
Engelmann, development of sexual 
forms, 412 

Engler, Dr., on dichogamous 8axi^ 
fraga^ 440 

Entoraophilous plants, 411 i 

Ejnpactis latifolia^ attractive only ! 

to wasps, 376, 426 ' 

Erica tetralix^ 424 ; perforated 
corolla, 429, 437 

Errara, M., on self-fertilisation, 
352 

Erytkrina^ 360 

Eschselioltzia calif ornica^ 109 ,v 

measurements, 110 ; plants raised 
from Brazilian seed. 111 ; weight, 
113; seeds, 115, 116, 315, 319, 
322 ; experiments on, 263, 275 ; 
superiority of self-fertilised over 
crossed, 290; eaily flow<^ring, 
292, 294; artificially self-ferti- 
lised, 332; pollen flrom other 
flowers more effective, 840 ; self- 
sterile in Brazil, 343, 358 ; effects 
of changed conditions on repro- 
ductive system, 444, 449 
Euphrasia officinalis, 368 
Euryale amazonica, 358 
- ferox, 365 

y. 

Fabricius on ArktolocMa, 420 
Fagopyrtm escfUentim^ 228 ; early 
flowering of crossed plant, 293 


FBOWEq^. 

Paivre, Professor, self-fertilisation 
of Cannacex, 230 

Farrer, T. H;, papilionaceous 
flowers, 5 ; Lupinus luteus, 147 ; 
Phaseolus multiflorus, 150, 434 ; 
PiHum sativum, 160; cross-fer- 
tilisation of holwlia ranma, 176 ; 
on Coronillat 407 

Fermoad, M., Phaseolus multi- 
jiorris, 151 ; P. coccineus hybridus, 
151 

Fertilisation, means of, 356 ; plants 
sterile, or partially so without 
in«cct-aicl, 357-364 : plants fer- 
tile without insftct-aict 365 -869 ; 
means of cross-ferHlisation, 371 ; 
humming-birds, 371; Australian 
flowers fertilised by honey- 
sucking birds, 871 ; in New Zea- 
land by the Anthornis melanura, 
371 ; attraction of bright colours, 
372; of odours, 374; flowers 
adapted to certain kinds of insects, 
875; largo amount of pollen- 
grains, 377, 378 ; transport of 
pollen by insects, 879-380 ; struc- 
ture and conspicuonsnesB of 
flowers, 383 ; pollon from a dis- 
tinct plant, 390 ; prepotent 
pollen, 894-401 

Fertility, heights and weights, re- 
lative, of plants cross^ by a 
fresh stock, self-fertilised, or 
intercrossed (Table C), 245- 
252 

Fertility of plants os influenced by 
cross and self-fertilisation (Table 
D), 312; relative, of crossed and 
self-fertilised parents (Table E), 
314-319; innate, from a cross 
with fresh stock (Table FJ, 819 ; 
relative, of flowers crossed with 
pollen from a distinct plant and 
their own pollen (Table G), 820 ; 

I of crossed and self-fertilised 

I flowers, 824, 325 

Flowering, pcrioil of, superiority of 
crossed over self-tbrtUised, 291- 
297 

Flowers, artificial, 374 

Flowers, oleistogamio, 90; white, 
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larger proportion smelling sweetly, 
875; structure and conspiouous- 
ness of, 882 ; conspicuoas and in- 
conspicuous, 886 ; papilionaceous, 
38t» ; fertili^ with pollen from 
a distinct plant, 890 
Fornythia viridimma^ 841 
Foxglove, 81 

Franklaud, Dr., chemical afiSnity, 
461 

Frax'inm omus^ 404 
Fuimria capreolata, 866 
offwinalisy 866 


G. 

Giilitm aparinSy 869 
Gali^sio, spontaneous crossing of 
oranges, 896 

Gallon, Mr., Limnanthes douglasH^ 
146; report on the tables of 
measuremtuts, 16'-19, 146, 234 ; 
seif-fertilised phints, 290, 291 ; 
8Uj)erior vigour of crossed seed- 
lings in Lathyrm odoratus, 358, 
855 

Gartner, excess of pollen injurious, 
24 ; plants fertilising one another 
at a considerable distance, 152; 
Lftbeliafulgem, 179, 330 ; sterility 
of Verhasmmiii^um^ilHO; number 
of pollen-grains to fertilise Geum 
urhanuTifij 878 ; experiments with 
pollen, 880 

Gentry, Mr., perforation of corolla, 
480 

(xeraniacesd^ 142 
Garanium phsium^ 423 
Gerardia pedicularia, 480, 487 
Germination, period of, and relative 
weight of seeds from crossed and 
self-fertilised flowers, 852-855 
Gemeria pmduUna, 92 ; measure- 
ments, 92 ; seeds, 822 
GemiHmm^ 92 

Geum, urhanum^ number of pollen- 
grains for fertilisation, 378 
Qlaudum luteuin^ 866 
Godron, intercrossing of carrot, 172 ; 
Frimvkt grandifira affected by 


, HILDSBBAND. 

pollen of P. officinalu, 880 ; tulips, 
396 

Ctould, humming-birds frequenting 
Impatiensy 371 
Ghaminacem, 238, 445 
Grant, Mr., bees of different hives 
visiting different kinds of flowers, 
426 

Gray, Asa, flowers of Drosera, 
I 892; sexual relations of trees 
in United States, 414 ; on sexual 
i reproduction, 442 


I 

I Hallet, Major, on selection of grains 
I of cereals, 854 

I Hassall, Mr., number of pollcn- 
j grains in Paeony and Dandelion, 
I 877 ; weight of pollen produced 
by ono plant of Bubush, 407-408 
1 Heartsease, 123 
I HeAycMum, 864 
Hiidymrmi onohryclm^ 361 
Heights, relative, of crossed and 
self-fertilised plants t^Table A., 
240-243 

Heights, weights, and fertility, 
summary, 238-284 
Henschers experiments with pollen, 
381 

Honslow, Rev. G,, cross-fertilisa- 
tion in Sarotliavinm scopariin^t 
164; on self-fertilisation not in- 
jurious, 441 

1 Herbert on cross-fertilisation, 7 ; 
i pollen brought from distant 
I plants, 380 ; spontaneous crossing 
of riiododendroTis, 396 
Hero, descendautM of too plant, 47- 
51, 258; its self-fertilisation, 849 
HfiterocAfiitron mextcaitum, 361 
Htbucas africannSf 140; measure- 
ments, 140 ; result of experiments, 
277; early flowering of crossed 
plant, 292, *296 ; number of pollen- 
grains for fertilisation, 378 
HBdebrand on pollen of DigitalU 
pwrpureat 82; Thutibergia 
96; experiments on ” ’ ’ 



480 


INDEX, 


HOFFMANN. 

ealifomiea^ 110 ; Viola tricolor^ 
1 28; Lobelia ruTnosa, 170 ; on moths 
frequenting Petunias, 188; Fa^o- 
pyrum esculeritum, 228 ; self-fertili- 
sation of Zea mays, 233 ; Corydalis 
cavOt *^31 ; Bypeooum ^andi- 
florum, 331, 359; ami H, pro- 
curnbens, 831, 36G ; sterility of Esch- 
schoUzia^ 332 ; ejfperiments on self- 
fertilisation, 340 ; Corydalis luteuy 
359 ; spontaneously self-fertilised 
flowers, 866 ; various mecbauioal 
structures to check self-fertilisu- 
tion, 383 ; early separation of the 
sexes, 400 ; on Aristolochiay 420 ; 
fertilisation of the Qramine^., 445 ; 
wide dissemination of seeds, 455 
Hoflinann, Prof. H., self-fertilised 
capsules of Papaver somnif&i'umt 
108, 306; Adonis msiivalis^ 129, 
365; spontaneous variability of 
Phaseolm muUiflorm^ 151 ; self- 
fertilisation of iidney-bean, 152; 
Papaver alpinum, 331; sterility 
of Corydalis solida^ 358 ; Linum 
usitatiseimum^ 366 ; on honey-dew 
from a camellia, 404 
Honey-dew, 404 

Hooker, Dr., Euryale ferox and 
Victoria regia^ each producing 
several flowers at once, 365 ; on 
sexual relation of trees in New 
Zealand, 414 
Horso-chestnut, 401 
Humble-bees, 419: see. Bees 
Humboldt, on the giains of cereals, 
354 

Humming-birds a means of cross- 
fertilisation, 871 
Hyacinth, 396 

Hybrid plants, tendency to revert to 
their parent forms, 380 
Mypeeomn grandiJUrrum, 381, 359 
procumbenSf 331, 366 


I, 

Eteris nmbeUata (var. kmaesiana), 
103 ; measmament, 104-106 ; 


EXBNHB. 

cross by fresh stocks, 105 ; 
remarks on experiments, 262; 
superiority of crossed over self- 
feriili8t*d seedlings, 289; early 
flowering, 292; number of seeds, 
815; highly self-fertile, 365; 
prepotency of other pollen, 394 
o/»ara, 365 

Impatiens frequented by humming- 
birds, 371 

barbigera, 366 

fulva, 341, 867 

noU-me-tangeref 367 

pallida, 341 

Inheritance, force of, in plants, 305 
Insects, means of cross-fertilisation, 
371 ; attracted by bright colours, 
372; by odours, 374; by con- 
spicuous flowers, 384 ; dark 
streaks and marks as guides for, 
373; flowers adapted to certain 
kinds, 376 

Ipomcea purjmrea, 28 ; measure- 
meuts, 29-49; flowers on same 
plant crossed, 41-44; cross with 
fresh stock, 45-47 ; descendants 
of Hero, 47-51 ; summary of 
measurements, 52; diagram blow- 
ing mean heights, 53 ; summary 
of observations, 58-62 ; of expe^ri- 
ments, 257-259; superiority of 
crossed, 289; early flowering, 
291, 297 • effects of intercrossing, 
300; uniform colour of self-frr- 
tilised, 308 ; seeds, 314, 322, 824 : 
highly self-fertile, 368; prepo- 
tency of other pollen, 399 
Iris, secretion of sacoh^ne matter 
from calyx, 404 
Isotoma, 176, 364 


Juglans regia, 391 


X. 

Kalmia latifoUa^ 359 

Kemer, on protection of flowers 
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KIDNET. 

from cmwling insects, 376; on 
protection of the pollen, 377; 
on the single daily flower of 
VillarHa pamassifoUn, 392 ; pol- 
len carried by wind, 408, 415 

Kidney-bean, 152 

Kitchener, Mr., on the action of the 
stipnna, 64 ; on Viola tricolor, 123 

Knight, A., on the sexual intercourse 
of plants, 7 ; crossing varieties of 
peas, 163; sexual reproduction, 
442 

Kohl-rabi. prepotency of pollen, 
394 

Kiilreuter on cross-fertilisation, 7; 
number of |)ollen -grains necessary 
for fertilisation, 24 ; sexual affini- 
ties of Nicoliana, 210 ; Verhascum 
ph/rmcenm, 830 ; experiments 
with pollen of Hibittcus vest- 
cariuft, 878 

Kuhn adopts the term cleistogamic, 
90 

Kurr, on excretion of nectar, 404 ; 
removal of corolla, 428 


L. 

LahiataSy 93 

Luctuca saf im, 173, 869 ; moasiiro- 
merit, 174; prepotency of other 
IK)llen, 899 

Lamiurn alhurriy 391, 419 

— — purpureum, 419 

Lathyrus odoratus, 153-160; mea- 
surements, 157--160 ; remarks 
on expeiaraents, 265; period of 
flowering, 295 ; cross-fertilisation, 
304 ; seeds, 816, 825 ; self-fertile, 
367 

grandiflorusy 155, 360 

numlia, 367 

mjlvcBtrlSy perforation of corolla, 

432 

Lawes and Gilbert, Messrs., con- 
sumption of inorganic matter by 
plants, 453 

Laxton, Mr., crossing varieties of 
peas, 163, 305 

Itoooq, Cyclamen repandum, 215 ; on 


LUPINUS, 

FuimriaceaSy 859 ; annual plants 
rarely dicecious, 415 
Lcersia orymidet^y 350 
LeguminossCy 147 ; summary on the, 
168 

Lehmann, Prof., on seedlings from 
large and small seeds, 355 
Leighton, Rev. W. A., on VhmeoluA 
miiUiftormy 151 ; Acacia magnijira^ 
407 

Leptmiphon andromcem, 308 
Letichenanliia fontwmy 364 
Lettuce, 173 
Lilium aiiraium, 341 
LimnantlLes dowjlaniiy 145 ; measure- 
meuts, 146 ; ’ early flowering of 
crossed, 293; seeds, 316, 323; 
highly 8(‘lf-fertile, 367 ; prepo- 
tency of other pollen, 399 
Linnrui ridgctrif^, 9, 88 ; seeds, 322 ; 
self-sterile, 363 

eymhalariay 385, 426 

Lindley on Fumoriaaeaiy 359 
Link, " Jiypopetalous nectary in 
Cliiroma dccmmtny 404 
Linum grandiflorum, 343 

tinitatimmumy 366 

Loamecit, 170 

Lobelia crinnHy 176; secretion of 
nectar in sunsUine, 405 ; expeii- 
ments witli hees, 423 
Lobelia fnlgcn8y 179 : measurements, 
180-182 ; summary of experi- 
meuts, 274; early flowering of 
self-fertilised, 291, 294, ‘i95 ; 
seeds, 323 ; sterile unless visited 
by humble-bees, 864 

— ramosay 176; measurements, 

177, 178 ; early flowering of 
crossed, 293, 295 ; seeds, 325 ; 
self-sterile, 364 
tenuioTy 176 

Loiseleur-Dteslongchamp, on the 
grains of cereals, 354 
Lotus cornicvlatus, 361 
Lubbock, Sir J., cross-fertilisation 
uf flowers, 6; on Viola tricolor, 
123; bees distinguishing colours, 
373 ; instinct of bees and insects 
sucking nectar, 418 
Lupinm luteuSy 147 ; measurements, 

2 I 
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LrriKus. 

148 ; early flowering of solf-ferti- 
listnl, 204, .290 ; self-fertilo, 367 ; 
|>reiK)tt'ncy of oilier pollen, 399 
Lu^nnus pilosu,^ 149; fiulf-fertile, 
oG7 

fjijchnh dioicaj 413 


M. 

Macnab, Mr., on tlic slioi-tcr or 
longer stamens of rlioOudeiidrons, 
298 

Mahnnia aquifoUuMt 806 

rtpeiu^ 306 

Malmcm, 140 
Mareqrariacem^ 407 
Marck, Dr., on seedlings from largo 
and small seeils, 3.‘»5 
Masters, Mr., cross-fertilisation in 
8nfhum, 161; cabbages 
aflccted by pollen at a distance, 
379 

— , Dr. Maxwell, on hon(‘y-dew, 
404 

Bleasurements, summary of, 241 ; 
Table A, 240-243: Table B, 
244 ; Table C, 245-252 
Medicago lupulina, 368 
Mec*han, Mr., fertilising Petunia 
molaoea by night moth, 188 
Mdmiamacex, 298 
McUlotus offici/iialis, 360 
Mereurialu anma^ 421 
Miller, Professor, on chemical affi- 
nity, 461 

Mimulm luteus, elTccts of crossing, 
10; crossed and self-fertilised 
plants, 64-70 : measnrom on ts, TO- 
TS ; cross with a distinct stock, 72- 
75 ; intercrossed on same plant, 
75-78 ; summary of observations, 
78-81 ; of experim* lilts, 259-261 ; 
superiority of crossed plants, 286; 
simultaneous flowering, 294, 296 ; 
effei'ts of inlercroHsing, 301 ; 
uniform c-olour of self-fertilised, 
307; seeds, 315, 319, 322, 324; 
highly self-fertile, 348, 369 ; pre- 
potency of other pollen, 393, 399 
— 68 


MLXtEB. 

' Minor, Mr., red clover never sucked 
I by bive-bces in the United States, 

I 36J 

I dwarfed plants raised by- 

using too few pollen-grains, 298 : 
munlx)!* of grains necessuiy for 
fertilisation, 378 

Milchell, Dr., on first couains inter• 

| marrjdng, 465 
I Mnnoehvfum emiferum^ 364 
' Mooro, Mr., on Cinerarias, 335 

Miillor, Fritz, on Posoqueria 
j fraqram, 5, 39.3 ; experiments on 
hybrid Ahutilimfi and Bigihoniam, 

I 305, 306 ; large number of 
orchidaceous genera sterile in 
tlioir native home, also Bignonia 
and Taberntemontana eehinata, 
331 : hterility of Esch^ehoHzia 
cuU/ornica^ 332, 342 ; Ahutihm 
dartt‘inii\ 334; experiments m 
self-fertilisation, 340 ; sclf-stcrilo 
j>lants, 341 ; incapacity of pollen- 
tubes to pcmdrito the stigma, 
342 : cross-fertilisation by means 
of birds, 371 ; imperfectly devo- 
loj)ed mule and feaialo TermitcM, 
381 ; on ferns and ants, 406 ; food- 
bodies in Cecropia^ 406; on the 
glands on calyx of Malpighiaccfo, 
407 

Muller, Hermann, fertilisation of 
flowers by insects, 6, 7 ; ou 
IHijiUdu fiurpurm^ 82; Calaeo^ 
laria, 87 ; Linana vulgaritSy 88 ; 
Verbamm vigrum, 89 ; tho 
common cablwge, 98; Papaver 
duMuniy 107 ; Viola tricolor, 123, 
124; structure of DeXpMmum 
C07mlida, 129 ; of Lupinua luteuHf 
147 ; flowers of Puum mtivum, 
160, 101 ; on Sarothamnua scopa^ 
rim not secreting nectar, 164 ; 
Ammn petro8dii(um,Vl*l ; Borago 
officinaltH, 185; red clover vieit-ed 
by liivo-bees in Germany, 361 ; 
insects rarely visiting Fumaria 
ojjminalis, 366 ; comparison of 
lowland and alpine species, 376 ; 
stnielure of plants adapted to 
cross and self- fertilisation, 381; 
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largo conspicuous flowers more 
frequently visited by insects than 
small inconspicuous ones, 384; 
Solanum generally unattractive 
to insects, 389 ; Lamiuin album, 
390,391 ; on anemophiloiia plants, 
401 ; fertilisation of Plantagoy | 
403 ; secretion of nectar, 407 ; j 
instinct of bees sucking nechir, 
418; bees frequenting flowers of 
the sumo species, 419; cause of 
it, 421 ; jKiwers of vision and ! 
discrimination df bees, 425 I 

Miiller, Dr. H., hive-l)eea occa- | 
sionally poribmte the flow<‘r of . 
Erica Utralix^ 430; calyx ami '( 
corolla of BhimnthuH alcctcro- | 
Inplim bored by Bombu-n nuiHfru- 1 
calm, 435 j 

Munro, Mr., some species of Onci- | 
dium and Maxillaria sterile j 
with own pollen, 331 
Myriaecm, 411 

W. 

Niigeli on odours attracting insects, 1 
374 ; sexual relations, 411 1 

Natural selection, eft\‘ct nf>on stdf- 
hterility and self-ferl ilisation, 315, 
34t> 

Naudin on number of polbui-grains 
necessary for fertilisation, 24 ; 
Petunia violaeea, 188 
Nectar regarded as fin excretion, 40,3 i 
Nemophila imujnis^ 182; measure- j 
merits, 183-185; early flowering | 
of crossed plant, 293 ; eflbcts of j 
cross and self-fertilisation, 303; j 
seeds, 31(5. 323 i 

Nepe4a gleclioma^ 419 i 

Nicotiana gluHnom, 210 i 

talnuMM, 203 ; incasurenionis. « 

205-208 ; cross with fresh stock, j 
210; measurements, 212-215; : 
summary of exjicriments, 260, j 
^67, 279; 8iq>erioiity of crossed j 
plants, 288-290; earlV flowering, 1 
293-295; seeds, 323, 325; e.\- . 
periments on, 349 ; solf-feiiile, 
308 


Nolana prostrnta, 186; measure- 
ments, 187 ; crossed and Self- 
fertilised plants, 277 ; number of 
capsules and seeds, 321, 323 ; 
self-fertile, 368 
Nolauaeem^ 186 
Nym]jhxa^ 358* 305 


0 . 

Odours emitted by flowers attractive 
to insects, 374 

Ogle, Dr., on Digital la purpurea, 
82 ; Gesneria, 92 ; Phaseolus ntul- 
tijlorm, 151, 300, 434; perfoni- 
tion of corolla, 429 ; case of the 
Monkshood, 431 
Onagracem, 169 

Onion, i)rc 2 )otcncy of other pollen, 
395 

Ononis minuthsima, 167; measure- 
ments, 108; seeds, ,323; seJf- 
fenile, 307 

Ophrys apifera, 350, 369, 408, 442 

mnsci/cra, 385, 408 

Oranges, spraitaneons crossing, 305 
Orc,hhh'<T, 304, 309; excretion (4* 
saccharine matter, 404 
Orcliis, fly, 408 

Origanum vidgure, 94; measure- 
ments, 95; early flowering (d‘ 
CF>sHed plant, 292; eflects of 
intercrossing, 301 


P. 

Piconv, number of pollen-grains, 
3.77 

PaiHireramn^ 107 
Pa paver alj[rinim, 331, 358 
■ — argemonoides, 366 

hraefeatnm, 108 

duhium, 107 

orkiitahy 108 

- — rJuvas, 107 

soniniferum, 108, 331, 865 

t^ngum, 107 ; measurements, 
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PAPILLAE. 

109; number of capsules, 315; 
eee<te, 358 ; prepotency of otiner 
pollen, 398 

Papillfie of the T'^^ioZa tricolor at- 
tractive to insecta, 121 
Parsley, 172 

Pamiflora alata, 330, 884 

Qracilu^ 171 ; measuTements, 

171 ; cro^sed and scdf-fertilisod 
270 ; seeds, 323 ; self - fertile, 
365 

PiUttifiwaGcm^ 171, 857 
Pea, common, 160, 351 
Pelanjonium zmiale, 142; measure- 
ments, 143 ; effects of inter- 
crossing, 301 ; almost self-sterile, 
359 

Pcntnicmon arrjntm, perforated co- 
rolla, 429, *131, 430 
Pdwda Hol(wm.y 188; measure- 
ments, 189-203; W(jight of seed, 
1;I6 ; cross with fresh stock, 19(5- 
201 ; relative fertility, 201-203 ; 
colour, 203; summary of experi- 
ments, 205, 274; superiority of 
c^o^s<K^ over self-fcrtiliHcd, 289 ; 
early flowering, 293, 294; uniform 
colour of self-fertilised, 309 ; 
sj'eds, 316, 319, 328, 325; self- 
sterde, 362 

Phalurh canarieimSf 285; measure- 
ments, 236, 237 ; early flowering 
of crossed, 298 
Pham)lm cocchuMn, 150 

multijk/rmj 150 ; measurement, 

152; partially sterile, 168, 360; 
crossted and self-fertilised, 276 ; 
early flowering of crossed, 293; 
st eds, 316 ; perforated by humble- 
bees, 433, m 

Plumolim vulgaris, 153; self-fertile, 
168. 367 

Pisum safimm, 160 ; measurements, 
162 ; seldom inti'rcToss, 109 ; 
summary of experiments, 264, 
278; self-fertile, 367 
Plants, cwwsed, greater consti- 
tutional vigour, 285 
Plateau, M., on insects and arti- 
ficial flowers, 374, 375 
Pleroma, 364 


PTERI8. 

Polemouiaocm, 182 
Polhsn, relative fertility of flowers 
crossed from a distinct plant, or 
with their own, 320; difference 
of results in Nolana prostrate, 321 , 
323; crossed and self-fertilised 
plants, again erosserl from a 
distinct plant and their own jx)l- 
len, 324 ; sterile with their own, 
330-338 ; semi self-sterile, 838- 
340 ; loss of, 377 ; number of 
grains in Dandelion and Pieony, 
377 ; in Lolium perenne, Plarttugo 
lajiceolatUf (SWfpws laeustris, and 
Wistaria sinenmy 378; number 
necessary for tVrtilisatiou, 378; 
transported from flower to flower, 
379 ; ])rH|X)tency, 393-401 ; abori- 
ginally the sole attraction to in- 
sects, 403 ; quantity produced by 
anemopliilouH plants, 407 
I^olyanthus, ]ne]>olcney over cows- 
lip, 397-8 
Polygonea\ 228 
Posorpieria fnujrans, 5, 393 
Potato, 38‘9 

Poterium samjuisorha, 410 
Potts, lieads of Anthnnm mdanura 
covered with pollen, 371 
Primrose, Chinese, 225 
Primula elatiar, 425, 430 

(jrancliflora^ 380 

mollis, 368 

ojiciiialis, 380 

scoUca, 302 

•siuensis, 225, 279; measure- 
ments, 227 ; early flowering of 
crossed, 293, 296 

vnis (var. officinalis), 219; 

nieasurements, 221 ; result of 
experiments, 267, 268; early 
flowering of crossed, 293; seeds, 
317; self-fertdity, 351; prejx)- 
tency of dark red polyanthus, 
397-398 

Primulaccss, 215 
Priiiglea, 410 

Protemm of Australia, 415 
Prunus avium, 405 

laurocerasus, 405 

Ptcris aguiliaa, 405 
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BADISU. 


E. 

Radish, 305 

■ 128 

Bamiuculm 3G5 
JRaphanm aativui^ 365, 3!)5 
Remke, nector-secjeting glauds of 
Vrunvs acium^ 405 
JkHtda lutetty 117 ; meahurementa, 
118, 119; result of experiments, 
330 ; self-fertile, 365 

odorata, 110; iiicaBuremonts, 

1 20-123 ; self-fertilised scarcely cx- 
ci«.4ed by crossed, 280 ; seeds, 316 ; 
want of corrospoiidenoe between 
seeds and vigour of offspring, 
328 ; result of experiments, 336 
Bt rile and self- fertile, 358, 365 
liemlaceai, 117 
liheum riMpordicmi, 403 
Ith^ria ijiandulo^iiy 364 
Rhododendron, bpoutioieous cross- 
ing, 306 

llhododindran azaloidtSy 435 
Rhubarb, 306, 4(i3 
Rilm auremiy 435 
Riley, Mr., pollen carried by wind, 
408 ; Yucca moth, 421 
Rimpau, on the cross-fertilisation 
of Rye, 341 ; on the self-fertility 
of wheat, 370 

ih algors, Mr., secretion of nectar in 
Vanilla, 404 

Rye, exi)ei'iment on pollen of, 377 


8 

Salma coccineay 93 ; measurements, 
93 ; oai’ly flowering of* crossed, 
292 ; seeds, 315, 322 ; ini tially 
self-sterile, 363 
,430 

Salvia grahami\ 429, 431, 436 

— tenoriy 362 

Sarotharmvm scopariusy 163; mea- 
surements, 165-167 ; Buperiority 
of crossed seedlings, 285, 289; 
seeds, 823 ; self-sterile, 360 


Scahiom atro-purpureay 172; mea- 
surementB, 172, 173 
Scarh t-ninner, 150 
Bcott, J., Papaver somniferumy 108 ; 
sterility of Verbascum, 330 ; On- 
cidium and MaxillariOy 331 ; on 
, small seeds of Papaver, 355 : on 
i Primula mdica and Cortusa mat- 
I thioUy 362 
: Scrophiilariaeeaiy 63 
‘ Seedfiy size and germination of, 352. 
SetagineUa, 413 

, Sell-fertile varieties, appearance of, 

I 347-351 

i Self-fertilisation, mechanical struc- 
! ture to check, 383 
. Self-sterile plants, 329-347; wide 
distribution througlumt the 
vegetable kingdom, 341 ; differ- 
ence in plants, 842; cause of 
solf-steriliry, 343; affected by 
changed conditions, 344-346 ; 
necessity of differentiation in the 
sexual elements, 347 
Senenu crueniuH, 335, 3G4 

heritieriy 335 

- maderemis, 335 

papulifoliuiy 335 

j tusdlaginky 335 

I Sliarp, Messrs., precautions against 
iiitercrossing, 396 
I Snow-flake, 176 
! Solanaceaiy 188 
I Sohinum tuherosmny 302, 389 
; Speeularia per/iMatUy 174 

speculum, 174 ; measurements, 

! 175, 176; croasod and self-lerti' 

lisetl, 276; early flowering t f 
crossed, 293; seeds, 323; self- 
fertile, 369 

Spencer, Herbert, chemical affinity, 

i 

1 Sinranthen autumrialuy 391, 424 
Spreiigel, 0. K., feltili^alion of 
1 flowers by insects, 5, 6; Viola 
tri color y 123 ; colours in flowers at- 
tract and guide insects, 372-374 ; 
on Aridolochiay 419; AconUttm 
napeUuSy 431 ; importance of in- 
sects in fertilising flowers, 460 
I Stachys coccineay 430, 431, 436 
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8TELLABIA. 

Stellaria media, S67 
Strachey , G eneral, perforated flo wers 
in the Himalaya, 43G 
Strawberry, 39G 

Strelitzia fertilised by the Nectarini* 
deaj, B71 

Stmcture of plants adapted to cross 
and self fertilisation, 381 
Swale, Mr., garden lupine not visited 
by bees in New Zojdand, 150 
Sweet-pea, 153 


T. 

Tahermemontana ecliinata, 331, 362 
Tables of me asurements of heights, 
weights, and fertility of plants 
240-270 

Termites, imperfectly developed 
males and females, 382 
Thuuhergia alata, 96, 277, 331 
Thyme, 421 

Tinzmanu, on Solanwn tnheromm, 
362, 389 
Tobacco, 203 

Transmission of tl\e good effects 
of a cross to later gLmerations, 
803 

Trees, separated sexes, 414 
TrifoUura arnemei 307, 386 
,361 

minuff, 368 

praiense, 361, 429, 438 

procundmi^ 368 

repem, 361 

Tropawm minu9, 144; measure- 
ments, 145 ; early flowering of 
crossf'd, 293; scecLs, 316, 323 
— tricolor, 430 ; seeds, 323 
Tulips, 396 

,377,408 


V. 

UmbelUferx, 172 

Urban, Ig., fertilisation of Medicago 
“ 1,368 


VANDELLIA. 


V. 

VaiidelUa nummularifoUa, 90, 278 ; 

seeds, 315, 322 ; self-fertile, 369 
Vanilla, secretion of neetar, 404 
Verhascum lychnitis, 89, 341, 369 

nigrum, 89, 330, 341 

plmnieewm, 330, 341, 364 

thapam, 89 ; measurements, 

00; self-fertile, 341, 369 
Verlot on Comolvulun tricolor, 55 ; 
iiitercros!?ing of Nimophila, 183; 
of Lepfodphon, 394 
Veronim agrestu, 869 

charnmlrys, 369 

hcdenvfoUa, 369 

Viiiia falm, 360, 405 
, 367 

mtiva, 367, 405 

Victoria regia, 365 
ViUarda parmmifvlia, 392 
Vilmorin on transmitting character 
to oflspring, 456 
Vinca major, 362 

rosea, 362 

Viola canirta, 357 

tricolor, 123 ; measurements, 

126, 127 ; superiority of 
plants, 286, 289 ; period of 
flowering, 292, 296; eflects of 
cross-fertiUriation, 304 ; seeds, 
316, 325 ; purtiiilly sterile, 35S ; 
corolla removed, 423 
Viohtcex, 123 

Vimnria oculnla, 130; measure- 
ment, 132; nvfTage height of 
crossed and self-fi rtilisod, 276; 
simultantious flowering, 295 ; 
seeds, 316, 323 ; self-fertile, 367 


W. 

Wallace, Mr., the beaks and faces 
of brush-tongued lories covered 
with pollen, 371 

Wasps attracted by Bpipactu lati- 
folia, 376 
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a\t:ights. 

Weights, relative, of crossed and 
self-fertilised plants, 244, 283; 
and period of germination of 
seeds, 352- 355 

Wilder, Mr., fertilisation of flowers 
with their own pollen, 841 
WiUon, A. J., sui)erior vigour of 
ciossed seedlings in Bramea 
campestria ruta haga^ 858; self- 
fertility of wheat, 370; on size 
of pollen-grains, 378 
Wistaria sinensu^ 378, 430. 


ZEA. 

Y. 

Yucca moth, 421 


Z. 

Zea mays, 16, 233 ; measurements, 
16-18, 234 ; diiference of height 
between crossed and self-fertiUsi d, 
288 ; tiarlv flowening of crossed, 
293 ; stdf-iei’tile, 369 ; prepotency 
of other pollen, 899 
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SHEPHERD’S TABLES for OoBBioniio Lubas Distabobs. 1779. 
Royal 4to. 91s. 

TABLES, GENERAL, of the MOON’S DISTANCE 

ftrom the SUN, and 10 STARS. 1787. Folio. 6s. 6A 
TAYLOR’S SEXAGESIMAL TABLE. 1780. 4to. 16i. 

TABLES OF LOGARITHMS. 4to. 60s. 

TXARK’S ASTRONOMICAL OBSERVATIONS for the LOBaxTUDB 
ofHADSiVA. 1892. 4to. 5s. 

CHRONOMETRICAL OBSERVATIONS for DiFraiBuati 

of LoBUnrons between Dovib, Pobtbmouts, and FAUfOcrcB. 

4to. 6f. 

VENUS and JUPITER: OntBBTATiOBS of; eompexed with the Tables. 
1 899 - 4to. 9s. 

WALES AND BAYLY’S ASTRONOMICAL OBSIE^VATlONa. 
1777. 4to. 9U 

REDUCTION OF ASTRONOMICAL OBSERVATIONS 

BABB wTBiSoirnnBBHxiixBnDUB. 1764—1771. 178S. 4to. I0t.6d. 
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.^OP‘3 FABLES. A New Tereioa. B/ Bar. TaovAa /AHas. 

With 100 WooilcatM, by TKi.iri«t.Mnd V^olfb. PoBtSvo. 2«. 6<i. 
AGBIOffLTCJEAL (Botai.) JOURNAL. {Published hedf-yearly. ) 

AMBER- WITCH (fnt). A moat iatereating Trial for WitcU- 
TmtsUtod by L4X>t Durr Gobdox* Post 8fo. 3«. 
APOOBYPHA.: With a Commeatary Explanatory and Critical, 
by variouB Wrifecrd. Edited by E^r. fiBXUY Wacb, D.D. 2 Vo^. 
Medlnn 8ro. [/n tht Prm . 

ABISTOTLBa [See Grots, Hatch,] 

ABHY LIST (TflK)a PyblUlitd Monthly hy Auihoritye 

(Ths New OfFiciAt). Publiahed Quarterly, Bojal 

6vo. iti, 

AETHUB’S (Little) History of England. By Lai>t Calloott, 

SdiHon, continued to 1876. Witb 88 Wuodoute. Foap. 8ro. It. 6(1. 

ATKINSON (Dr. R.) Vie de fieint Auban. A Poem in Norman- 
Freoeh. Ascribed to Matthbw Pae.s. With OeoeordaiiC'', Glositary 
Bod Notes. Smalt 4to. lOt. Qd. 

AUSTIN (JoHW). Leotobkb on General JoBispRixnEKci; or, the 
PhUcBophy of Pusltive Law. EdlUd by Robbbt Campbell. 2 VoIf. 
ftwn, l2t. 

.SurnsNT’fl Edition, compiled from the above work, 
by Robelt Cakpeell. Pu&t 8vo. ISt. 

- Analysis of. By Gordon Campbell. Pcst 8vo, 68. 
BABEB (E. C.) Travels in W. China. Map?. Royal 8 to. 5d. 
BABBAULD (Mrs.). Hymns in Prose for Children. With 

100 lUustraHoBS. 16ino. dt 6d, 

BABCLAY (BISHOP). Extracts from the Talmud, illustratiDg 

the Teaching ol the Bible. With an introduction. Bve, 14e. 
BABKLBY (H. C.). Five Years among the Bulgarians and Turks 
between Hie Oannbe and the Black Sea. Post 8vo. lOe. 6d. 

Bulgaria Before the War ; during a Seven Yeais’ 

Experience of European Tiukey and its Tnliabitanta. Post 8vo. 10s. 6(7. 
My Boyhood : a Ti ue Story. Illustrations. Post 

8to« 6«, 

BARROW (John). Life, Exploits, and Voyages of Sir Francis 
Drake. Post 8vo. 2*. 

BARRY (Canon}. The Manifold Witness for Christ. An Attempt 

to Exhibit the Combined Force of various EvidenoM, Direct anl Indlteet 
of Cbristianity. 8vo, 12s. 

— (Edw. M.\ B. a. Lectures on Architecture, delivered before 
Uie Royal Academy. Edited, with Memoir by Canon B^rry. Por- 
trait and lllustraUons. 8vo. 16s. 

BATES (H. W.). Becords of a Naturalist on the Amasons during 
Eleven Yeare^ Adventure and Travel. iUostratioua. Post 6vo. 7s. tSd 

BAX (Oapt.). Bussian Tartary, Eastern Siberia, China, Japan, 
dm. Illustrations. Or. Svo. Ids. 

BECKETT tSiR Edmund). Should the Revised New Testa- 
ment be Authorised ? " Post Svo. 6s. 

BELL (Sir Chas,). Familiar Letters, Portrait Post Svo. 12d. 
IBoikr C,). Notices of the Historic Persons buried in 
the Clttpel of 8t Peter ad Vineola, in the Tower of London, with an 
account x>t the dieoovery of the au^poeed remains of Queen Anne Boley n. 
With lUnstrations. Crown Svo. l4«. 
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UST 6W WOftKa 


BSETEAM (Jab. QS. Harmi of Uio Sea : an Aoeoimt of BrUkk 
Food FishiNi, Inoltidina FivbiMlaii and Fiidter Folic. lUoattAUona. 
FcgtBvo. 04, 

BIBLB COMMENTABY, Th* Old Tksxawrkt. Expxa»atort 
and CEimoAT.. WUh a RKvisum of rlie TRANBLATxaar. By BISHOPS 
and CLERGY of th« ANGLICAN OliaitCU. Edited hy F. 0,Cook, 
M.A,y Ctnon of Ejteter. 6 Voi.s. Medium $vo, 6t. t5Ji, 

{ Job. 


Vol. I. 
$04. 


f G BKlCeiA. 
KxoiHiS. 
Lkvjtkutb. 
NUHBKRa. 
DttuTEftowoinr. 


Tf /JOSHDA, JlTDOKS, 

Tnd III’ Samuel, Kihob, 
and m. j EzaA, Nehemiah, 

\ Esthkb. 


Rmii, 

(IIRO- 


m. 


V<)L. lY. 
244. 


VoT. Y. 

20 «. 


354. 

Thb New Testarehi. 4 Vols. 


/TKTr.onucTK'ir. 

Vol. I. J St. M attukw. 

ISs. i St. Mark. 

I St. Luke. 

Vol II. i Bt. dOHM. 

204, I Acts up the apostles. 


Psalms. 

PaOVBBSft. 

Ecclesiastes. 

SiXKO OP SOLOKOJr. 
(haiait. 

, JlBHBMlAir. 

Vol VI 

< I>AKr«L. 

(MiKOA PaOPHitTS* 

Medium 8 vo. il . Us. 

( llOMAMH. CohIPTRIAMS, 
GALATIAMS, PRII IPPIANS, 
EPIIKRIAKS. COLO«8IAKS, 
TiiBSsAUfPiANs, Pasto- 
ral Ep|><TLK 8, PHlLEMi«ir, 
( liKBttKWS, 83. Jambs. 
\ Pbtbb, Johm, JuDii!; 
( APD THB JIBTBLATIOP. 


284. 


Vol. IV. 

28«. 


— Tub Student’s Edition op the Old Testament. 

Abrld^d and Editei by Johm M. Fuller, M. A., Vicar of Bexley. 4 
Vols. Cmvtt Bvo. 74. 6(i. eaeb. 

BIGQ- WITHER (T. P.). Pioneering in South Brarii; Three Year, 
of Forest and Prairie Life in the Province of Parana. Map and Illustra- 
tions. 2 vols. Crown Svo. 214. 

BIKB (Isabella). Hawaiian Arcbipelago; or Six Months among 
tbe Palm Grove«, Coml Reefs, and Volcanoes of the Sandwich Islands, 
lllostrations. Crown 8vo. 74. $d. 

Unbeaten Tracks in Japan: Travels of a Lady in the 

Interior, inc’udinsr Visits to the Abf.r}gluGS of Yoxo and the Shrines of 
Nikko and Ise. Illustrations. 2 Vols. Crown 8vo, 24« 

Lady’s Life in the Boeky Mountains. Illustrations. 

Post 6to. 74. 6d. 

BISSET (Sir Jons). Sport and War in South Africa from 1884 to 

1867, with a Narratiro of the Dote of £dlnbut%h*s Visit. Ulus- 
trations. Crown 8vo. 144. 

BLTJljiT (Lady Anne). The Bedouins of the Euphrates Valley. 
Wth some account of the Arabs and their Uorsea, lilustraaons, 
2 Volf. Crown 8vo. 244. 

A Pilgrimage to Kfijd, the Cradle of the Arab Raee, and 

a Visit to the Court of iho Arab Emir, lliustrailoss. 2 Vols. Post 
8vo« 24s. 

BLU|7T (Bbv. J. J.). Undesigned Coincidences In the Writings of 
Gte Old and Hi wTestairieDtp,aa Arguaent of tbelr Veradty. Post Bvo. 8A. 
Historjr of the Christian Church in the First Three 

Centuries. Post Bvo. $4. 

— — The Palish Priest | His Duties, Aoquirem^ts, and 

Obilgattons. Post 8 po. $4. 

— Uhiversity Sermoni. Post 8vo. dA 

BOOK Of COHHOK FBATDB. niiuiirated ^ Coloi^ 

BOBBOW (OioBai). The ^ble hit S|^; or the Jomit^ Adran- 

Engnahmiti m «& 

the SeiiptaiesintbeFetiisiuU, PostSro, 64. 
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BOEEO W (Gsobcfb)* YEe €f 7 pil«i of Spain ; tbeir Mannen^ CNmtonui, 

BeUc^oOi and X«iig«Ag«* With Portrait^ Fostfivo* 5«. 

— lAYwagro ; Uho Scholar— Tho OjpBjr— and the Prieat 

Fofttaro. 6a. 

— Eomany Eye — a Sequel to ^ LaTongro/’ Post 8vo* da. 

WrLT> yfAiaa: iU People, Lfmguage, and Scenery. 

FoetSro. 6#, 

Bomano Lavo-Iil ; Word-Book of the Bomany, or 
Eegliel) Qyp'^y Language; vtth Specimena of tbefr Poetry, and an 
account of certain OypHyHes. PostSro. 10«. 6d. 

BOSWBLL*S Idfe of Samuel Johnson, LL.IX In^dnding ^the 
Tonr t) the Hebiidea. Edited by Mr. CaoxrsB. Seventh J£diUtm» 
PortraitB. 1 toI. Medium Sro. 13«« 

BHAOB (0. K). Manual of Ethnology ; or the Baces of the Old 

World. Post 8ro. 6*. 

BREWER (Rsv. J. S.). English Studies, or Essays on English 

History and Llteratnre. 8vo. 14#. 

BRITISH ASSOCIATION REPORTS. 8vo. 


York and Oxford, 1831-33, 13#. 6d. 
Cambridge, 1833, 12#. 

Edinburgh, 1834, 16«. ^ 

Dublin, 1886, 13#. 6d. 

Brifltol, 1886, 18#. 

Liverpool, 1887, 16#. 6d. 
NewcaaUe, 1838, 16#. 

Birmingham, 1839, 13#. 6<l. 
Glasgow, 1840, 15#. 

Plymouth, 1841, 13#. 6d. 
Manchester, 1843, 10«. 6d. 

Cotk, 1848, 12«. 

York, 1844,30#. 

Cambridge, 184S, 12#. 
Bduthampton, 1846, 16#. 

Oxford, 1847, 18#. 

Ewanaea, 1848, 9#. 

Birmingham, 1849, 10«. 


DubUu, 1857, 16#. 
Leeds, 1868. 20t. 
Aberdeen, 1869, 15#. 
Oxford, 1860, 26#. 
Manchester, 1861, 15#. 
Cambridge, 1863, 30#. 
Newcastle, 1863, 25#. 
Bath, 1864, 18#. 
Birmingham, 1865, 35#. 
NoUinj^tam, 1866, 24«. 
Dund^ 1867, 26#. 
Norw^, 1868. 25#. 
Exeter, 1869, 22#. 
Liverpool, 1870, 18#. 
Bdinburgli, 1871, 16t. 
Brighton, 1873. 34#. 
Bradford, 1873, 26#. 


Birmingham, 1849, 10«. Belfast, 1874, 25»« 

Edinburgh, 1850, 16#. Bristol, 1876, 25«. 

Ipswich, 1861, 16#. 6d. Glasgow, 1876, 25«. 

Belfast, 1S52, 16#. Plymouth, 1877, 24#. 

Hull, 1868, 10#. 0d. Dublin, 1878, 24s. 

Liverpool, 1854, 16«. Bkemeld. Ib79, 24#. 

Glasgow, 1866, 15s. Swansea. 1880, 24#. 

Cheltenham, 1866, 18». 1 York, 1881, 24#. 

BRUGSCII (PnoyKSSoB). A Ilibtory of Egypt^ under the 

Pharaohs. Derived entirely from Monuments, with a Memoir on Ote 
Exodus of the Israelites. New and revised Edition. Maps. 2 vols. 
6vo. 82#. 


BUNBtJRY (E. H.). A History of A nclcnt Geogruphy, among the 
Greeks and Romans, from the Earliest Ages till Uie Fall of the Roman 
Empire. With Index and 20 Maps* 2 Yols. 8 t«i, 42#. 

BHRBIDGB (F. W.). The Gardens of the gun; or A Nalurallst^g 
Jofimal on the Mountains and In the Forests and Swamps of Borneo and 
the Bntn Archipelago. With lllustratl'^ns, CrownSvo. 14#. 

IMJECKHABDT’3 Cieerone ; or Art Guide to PalaUng in Italy. 
Tiaiiri.t.d (runs tti. a.nn.n by Hm. A. Olocoh. New Edition, rerbed 
byj. A.Cpowa. PostSvo. «#. , 

BXJ&K tCob). GictiMuwy of Karal and Military Teehnieal 

Terms, Eh^ish and Freneh’—’Frencb and Bn^Ush, Crown Avp. 16#. 

BUTTMAKN'S Leaiilogns; a CHtical Eatamlnation of tho 
Meaning of numerous Greek Words, ohiedy In Homer and Hesiod. 
By Hot. J* R* Fisunaxa,. 8vo. 12#« 
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liHIT OF WOEFS 


BUXTON (CsABUtt). H«moirft of Sir Thomas foirell Buation, 

Bart Foitralt 0?o. lOt. Popular SdUiou, Foap. 8vo« 6t« 

(Stbfxy €.)• A Handbook to the Political Qaestions 

of the Xhif } with the Argamenta on Either Side. 8 to. 6«. 

BTLES (SiB John). Poandations of Helicon in the Mind and 
Heart of Man. Fost 8vo. 8e. 

BYKON’S (Loan) LIFE AND WORKS 

Livx, Lsttbrs^ jiKD JouBNALS. By TnoxAS Uooaa. Cabinet 
iCdUion* Plates. 6 Yols. Foap. 8vo. 18t. ; or One Yolnme, Poriratts. 
Bojal 85ro., 7«. Otf. 

Liw AKD PoKTicAL WoKKS. Popular Edition, Portraits. 

2 Tols. Koyal 8vo. 1G«. 

Poetical Works. Library Edition, Portrait 8 Vols. 8vo. 45s* 
Poetical Works. Cabinet Edition, Plates. 10 Yols, 12mo. 80s. 
Poetical Works. Pocket Ed, 8 Vole. 16mo. In a ease. 21s. 
Poetical Works. Popular Edition, Plates. Royal 8vo. 7s. Otf. 
Poetical Works. Pearl Edition, Crown 8yo. 2s. 6it Cloth 
Boarda. d<. 6d. 

CniLDi Harold. With 80 Engrarings. Crown 8vo. 12s. 
CniLDB Harold. 16mo. 2s. %d, 

Childs Harold. Vignettes. 16mo. Is. 

Childe Harold. Portrait. 16mo. OdL 
Tales and Poeks. 16mo. 2s. 6d 
Misosllakeous. 2 Vole. lOmo. 5s. 

Drauab and Plays. 2 Vols. 16mo. 5s. 

Doe Jdae akd Bepfo. 2 Tola. 16mo. 5s. 

Bsattties. Poetiy and Prose. Portndt Fcap. 8yo. Z$,bd, 
CAMPBELL (Lord). Life : Based on his Autobiography, with 

selections hrom Journals, and Correspondeuoe. Edited hy Mrs. Ilard- 
eastle. Portrait. 8 Yols. 8vo. dOa. 

Lord Chancellors and Keepers of the Great 

Real of England. From the Earliest Times to the Death of Lord EkUm 
In 1888. 10 Yols. Crown 8 yo. Sa. each. 

— ^ — Chief Justices of England. From the Norman 
Conquest to the Death of Lord Tenterden. 4 Yols. Crown 8to. e«.ea(di. 
— (Tho 8.) Essay on English Poetry. With Short 

lirea of the British Poets. Post 8 yo. 8a. 6(L 

CARNARVON (Lord). Fortng^^ Galiiel% and the Basque 

ProTlnoes. Post 8vo. 8a. 6d. 

The Agamemnon : Translated from 

Sm. Svo, : 

CARNOTA (CoKDi da). Memoirs of the Life and Bventfnl Career 
of F,M. the Duhe of Raldenha; Soldier and Statesman. With 
Selections from his Correspondence. 8 YOU. 8 to. 82a. 

CARTWRIGHT (W. C.). The Jesuits: their Constitution and 

Teaching. An Historical Sketch. 8vo. 9a. 

CATALCASELLE’S WORKS. [See Crowr.] 

CE3NOLA (Grr.). Cyprus; its Ancient Cities, Tombfi and Tern* 

S lee. Besearches and Excavations during Ten Years* Eeeidsnee la that 
eland. With 400 lltiistratlons. Medium Bvo. fiOa. 

OHILD-CH APLtN (Dr.). Benedicite; or, Song of the Three OhUdren; 
being lUttstrations of the Power, Beneflcence, and Dselfo maidUited 
by the Creator In his Works. Post Bvo* Sa. 
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CHISHOLIC (Mm). Perils of the Polar Seas; True Stories of 
Arctic DiBeovery snd Adre&tarc, inustrctious. Post Syc. 6«« 
CfiUETON (Archpiaoob). Poetical Bemains, Translations and 

Imitations. Portrait. Post 8yo. 74. 6<L 

ClxASSIO PEKACHBR8 OP THE EKGLISH CHUECH* 

Being Iteetnres delivered at St James*, Westminster, in 1877-6. 
With Introduction bj J* £« Kem|>6. 2 YoLs. Post Bvo, 7s. Qd. each. 

OLIVE’S (Loan) Life. Bp Bay. 0. E. Glsio. Post 8vo. 8e. 6i. 
CLOBB (0. MO* Military Forces of the Crosrn ; their Admlnistra* 

tion and Oovermnent 2 Yols. 6vo. 214. each. 

Administration of Justice under Military and Martial 

Law, as applicable to the Arm>r, Navf, Marine, and Auxiliary Forces. 
8vo. 12s, 

OOLSEIDGB’S (Sainmii Tatlob) Table-Talk* Portrait 12ino. Bd.6cf. 
OOLOELAL LIBEAET. [See Home and Colonial Library.] 
COMPANIONS POE THE DEVOUT LIFE. Lectures on well- 

koown Devotional Works. Crown 6vo. 64. 

CONVOCATION PEAYEB-BOOK. (See Prayer-Book.) 

COOKE (E. W*). Leaves from my Sketch-Book. Being a Selec- 
tion from Sketches made during many Tours. With Descriptive Text 
60 Plates. 2 Yols. Small foUo. 314. 6d. each. 

COOKEET (ModberDokbstio). Founded on Principles of Economy 

and P:^tleal Knowledge, and Adapted for Private Families. By a 
Lady. Woodcuts. Fcap. 8vo. 54. 

CEABBE (Bay. Gbobob). Life k Poetical Works. Illustrations. 

Royal 8vo. 74. 

CEAIK (Hbbby), M.A. Life of Jonathan Swift. 8vo. [luihe press. 
CEIPPS (WibFRED). Old English Plate : Ecclesiastical, Decorative, 

and Domestic, its Makers and Maries. With a Complete Table of Date 
Letters, Ac. Kew Edition. With 70 Illustrations. Medium 8yo> 164. 
— Old French Plate ; Furnishing Tables of the Paris Date 

Letters, and Facsimiles of Other Marks. With lUaatrationfl. 8 vo. 84.6(1. 

CEOKER (J. W.). Progressive Geography for Children^ 

16mo. l4. 6d* 

Bosweirs Life of Johnson. Including the Tonr to the 

Hebrides. Kdition. Portraits. 8vo. 124. 

Historical Essay on the QuiUotine. Fcap. 8vo. Is. 

CEOWE Avn CAVALCASELLE. Lives of the Early Flemish 
Painters. Woodcuts. Post 8vo, 74. 6c^.; or Large Paper, 8vo, 154. 

History of Painting in North Italy, fwm 14th to 

16th Century. With UluBtratlons. 2 Yols. 8yu. 424. 

- I . M Life and Times of Titian, with some Account of bis 

Family, ohleSy from new and unpubliahod records. With Portrait and 
Illustrations. 2 yoIs. 8yo. Sis. 

CUllMING (K. GosBoa). Five Tears of a Hunter’s life in the 
Far Interior of South Africa. Woodcuts. Vo%t 8vo. 6#. 
CUNYHQHAME (Sib Abihob). Travels in the Eastern CancaanSi, 

on the Caa^n and Black Seas, in Daghestan and the Frontiers of 
Persia and iSukey. Illustrations. 8yo. ISj. 

CtJRBlE (0. L.) An Aiarninent for the Divinity of Jeans Christ, 
TnuMlstod trea "L. taurUtiutUin. et tea TunfS Frtwate,’* of iba 
Awi Ex. IBouCAun. PostSvo. 64. 



tilST OF WOBXB. 


CTISTI7B’ (Fbi»mki^ Stadent’t Onek Otaimiiuar, tm ' 

]? om 9* Silted lnf 01. Wx. Siam FostSve. it. 

^uddaliioiis the shove GxsiiiBisr, ^Fzamlsied bj 

SritYir Abbot. FoetSvo. 7«.8A 

Bmsller ■Oreek Otsminar for the Middle sudi Ijower 

Feme* Abxideed fbon tJie Urger vork. ISmo. 3i«6d. 

>■ — Aceidenoe of the Greek Langosge. Sstmeted froia 

the above work, ISmo. St, 6<t. 

— Principles of Greek Mjmoiogj, Transkted by A. 8^ 

WXLXIKS, M.A., and E. B. Exolabo, M .A. 2 toIs. Sto. 

— The Greek Verb, its Straotnre and Development. 

Trenstwed by A. 8. Wilicixr, M.A., and E. B. Enolaxd, M.A. 
8to. let. 

CUBZON (Hon. BoBnaT). Visits to the Monasteries of the Levant 

IllostraUoaa. Post 6vo. 7t. 6<2. 

GUST (OmoBiun). Warriors of the 17th Centniy— ‘The Thirty Tears' 
War. 2Tols. 16t. CivU Wars of France and England. SYola. lit. 
Commanders of Fleets and Armies, 2 Vols. 18«. 

Annals of the Wars — ^18th k 19th Century. 

With Maps. SVols. PostSvo. 5t. each. 

DAVY (Sib Hoxfhbt). Consolations in Travel; er, Last Days 
of a Philosopher. Woodcuts. Foap. 8vo. St. 6 d . 

Sahnonia; or, Days of Hy Fishing. Woodcuts. 

Fcap. 8fO. Sj. ed, 

DAEWm’S (Chakues) WOBKS:— 

Journal or a Naturalist nuRwa a VovAais roun» th« 
Wt»BX4>. Crown 8vo. 9s. 

OiitoiN OP Spkciks by hlEANS OF NATURAL SbLkctiok ; or, the 
Preaerration of B*avoared Itaees in the Struggle for Life. Woodcuts. 
Crown 8vo. 7e. Gd. 

Variation op Animals ani> Plants under Domestication. 

Woodcuts. 2 Vols. Cro^'U Svo. 18s. 

Descent of Man, and Selection in Belation to Sbe. 
» Woodcuts. Crown 8ro. 9s. 

Expressions op the Emotions in Man and Animals. With 

lUustratlQps. Crown Svo. l'2s. 

Various Contrivances by which Orchids are Febtiuzed 

BY IxaEOTB. Woodeuta. Crown Svo, Oa. 

Movements and Habits or Climbing Plants. Woodcuts. 

Crown Svo. e.-*, 

iNSEcnvoBous Plants. Woodcuts. Crown Svo. 14s. 
BrrECTs or Cross and Selp-Fertilizatiok in the Vegetable 

KsxanOM. Ore wn Svo. 12 f. 

DirrERieNT Fcrms or Flowers on Plants or the same 

SPEOtss. Crown 8vi). 10#. 

Power or Movement in Plants. Woodcuts. Or. 8vo. 15^; 
The Formation op Vegetable Mould through the Actkhi or 
Woxtoa; with Obeervationa on their llahiU. With llluatraliona. Poat 
Svo. 8#. 

Lire or Erasmus Darwin. With a Study of his Works by 
Hrkxst KfiAueE. Portrait. Crown Svo. 7s. dd. 

Facts and AitatntEiiEe roR Darwin. By fnm Mullmsl 
T xatudetod by W. 8. 0ALLAS. Woodcuts. Festivo. e#. 
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OOSSOK ^IL >.). Yhd Cradle ef tlie Bke UTile; 

thYonglt AejnMtnU and Sotidftn, and a Bealdenoe at tbe Court of King 
dohsollStla^ia. llapandlUnstfaUoxus. Srcds. PostSvo. Sl«. 

, Ybe Cities imd Cemeteries of Etruria. A 

new £dltio&> revised, recording sU tlio latest DisooTerlea. SO 

Plans and SOO Xliustrations. 2 toU, Medinm 6 to. 42s. 

BEET (Eama). Annals of Wineboombe and Sndeley. Wiik 120 

Portraits, Plates and Woodcuts, dto. 42s. 

BEBBT (EaaXi or). Iliad of Homer rendered into EngMi 

Blank Verse. With Portrait S Vote. PosiSro. 10s. 

DERBY (Bishop op). Witness of the Psalms to Christ and Chris- 
tlatdty. The Bampton Lectures for 1876. &vo, 14s. 

DEUYSCH (EicAKirjEL). Talmud, Islam, The Targnms and other 
Literary Remains. With a brief Memoir. 8vo. 12s. 

DILKB (Sia C. W.). Papers of a Critic. Selected from the 
Writings of the late CttAS. Wentworth Dilkb. With a Biographi- 
eal Sketch. 2 Vols. 6 to. 24s. 

DOC-BBEAKIHG. [See Hotobiitsor.] 

BOCOLAS'S (Sia Howahn) Theory and Practice of Gunnery. 

Plates. 8vo. 2U. 

BBAKITS (Sib f aairaxs) Life^ Toyages, and Exploits, by Sea and 
liSiid. By Joan Babbow. Post 8vo. 2s. 

DRIHEWATER (JTohr). History of the Siege of Gibraltar, 
1779>17Sa. With a Description and Account of that Oarrison ftom tbe 
Easiest Periods. PoBtSvo. 2s. 

DC CHAILLU (pAtJii B.). Land of the Midnight Sun ; Summer 

and Winter Journeys through Sweden, Norway, Lapland, and Northern 
Finland, with Descriptions of the Inner Life ol the People, their 
Manners and Customs, the Piimitire AotiquUies, &c., dec. With Map 
and 236 Illustrations. 2 Vote. 8vo. 36s. 

- E<iTJATORiAt Africa, with Accounts of the 

Gorilla, the Nest-building Ape, Cbimpanxee, Crocodile, Ac. lUus* 
tratiens. 8ro. 21s. 

— Journey to Ashango Land ; and Further Pane* 

tration into Equatorial AfMca. Illustrations. 8vo. 21s. 

DCFFEBIK (Lobd). Letters from High Latitudes ; a Yacht 
Voyage to Iceland, Jan Mayen, and Spitsbergen. Woodeuts. Post 
Bvo. 7s. Od. 

Speeches and Addresses, Political and Literary, 

delivered In the House of Lords, In Canada, and elsewhere. Bvo. 12s. 

DUjrOAH (MAJOid. History of the Royal Artillery. Com- 

piled nx>m the Original Becords. Portraits. 2 Vote. 8vo. 18s. 

English in Spain; or, The Story of the War of Suc- 

oession, 18344840. Compiled from tbe BiS^rtd of the British Com- 
miasloners. With IltUBtratlons. 8vo. 16s. 

DUEEB {AxrBBRT); his Life and Work. By Da. Thaoshjo, 

of the Albertina Art Oollectlou at Vienna. Translated from 
the, German. Edited by F. A. Eaton, M.A. With Portrait and 
HlttStraUons. 2 vote. Medium 8vo. 42s. 

SABTLAEE (Sot OHAiOias). Contributions to the LItmture of 
the l^ne Arts. , With Memoir of the Author, and Selections fresn hXs 
CMrespondence. By LAUir Bastlak*. 2 Vote. Bvo. 24s* 
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EDWARDS (W. H.). Toy««« up It* Rim Aiuumb, todttUUf • 

Visit to Fan. FosISto. 2$, 

ELDON’S (Lobk) PuMe and Private life, with Sdeetiena tm 

Ms IMarios, By Homaov Twiss. Portrait. SVols. PostSf^. «!•. 

ELGIN <Lobj>). Letters and JounialB. Edited by Thbodob* 

Walbokd. with Prefsco by Doan Staoley. 8vo. 14#. 
ETfliER MERB (Loud). Two Sieges of Yienua by the Turks. 

Translatad ihnn the German. Post Sro. 8#. 

ELLIS (W.). Madagascar Revisited. The Peweculions and 

Heroic Sufferings of the Native Christians. lUastrations. 8vo. IGt. 

_ Memoir. By His Soh. With his Character and 

Work. BylUv. llENBY Allow, D.D. Portrait. 8vo. 10#. 64. 
(RoBiasoK) Poems and fragments of GatuUuSs Idmo* 

BLPHINSTONE (Hof. MotnresTUAKT). History of India*-»the 
Hindoo and Mahomedan Periods. Edited by Psofbssob Cowbli.. 
Ma]K. 8vo. I8«. 

^ (H. W.). Patterns for Turning; Comprising 

Elliptical and other Figures ent on the lathe without the use of any 
Ornamental Chuck. With TOlUustrations. Small 4to. 16#. 

ELTON (Capt.) and H. B. COTTEBILL. Adventures and 

Discoveries Among tbe Lakes and Moontains of Eastern and Central 
Africa. Witli Map and Illustrations. 8vo. 21t. 

ENGLAND. [See Abxbvb, CaoKSBy HuHFy MABXBAXy Sxxsa, 

and Btawbopb.] 

ESSAYS ON CATHEDRALS. Edited, with an Introduoiloii. 

By Dbaw Howsok. 8yo. 12#. 

FEEOUSSON (Jaxbs). History of Architecture in Countries 
from Hie Earliest Times. WiHi 1,600 lUostraiions. 4 Tola llodinm 8vo. 
1. k If. Ancient and Medimval 68d. 

111. Indian & Eastern. 42d. lY. Modem. 81s. 6tf. 

Rude Stone Monuments in all Countries; their 

Aire and Uses. With 280 IllustratlonB. Medium 8vo. 24#. 

Holy Sepulchre and the Temple at Jerusalem. 

'Woodcuts. 6vo. 79. ed. 

Temples of the Jews and other buildings in 

the Baram Area at Jerusalem. With Illustrations. 4to. 42#. 

FLEMING (Pboibssob). Student’s Manual of Moral PhUosophy. 
With Quotations and Refisrenoes. Post 8vo. 7#. 6d. 

FLOWER GARDEN. By Rev. Thob. Jambs. Fcap. 8vo. Id. 
FORBES (Capt.) Britiah Burma and its People; Native 

Manners, Customd, and Religion. Cr. 8vo. 10#. 6(t 
FORD (RxcBAitn), Gatherings from Spain. Post 8vo. 8d. 6<f. 
FORSTER (JoHF). The Early Life of Jonathan Swift. 1687-1711. 

With Portrait 8vo. 16#. 

POBSTTH (WtuuK). Horteoaius; an Hiitorical Eawy on tho 

Olhoe and Duties of an Advocate. Illustrations. 6vo. 7#. &L 

Novels and Novelists of the 1 8th Centaiy, ta 

Ittustratlou of the Maimers and Morals of the Age. PostRvO. X0f.id. 

ojr). [See Markham 



P0BIJBEia> BY MB. MUBEAT. 


11 


YEBNOfi IH ALdlBBS; Tht Soldier of the Foreign Legion** 
and ih« Frisoaere af A)^-el*K»d4r. TraitfUtted by Lady Doty GkmiHHi. 
FoBtSvo. e«. 

FftBBE (Sm Ba&tlb). Indian Miaaiona. Small 8to. 2a. 6(2. 

Eaatem Africa as a Field for Missionary Labonr. With 

Hi^i Crgim 8vo. 6s, 

Bengal Famine. How it will be Met and How to 

Frerent Futaro Fiuoiinefl in Indift. With Maps. Crown Svo. 6s, 

— (Mabt). Old Deccan Days, or Hindoo Fairy Legends 

ourreDt in Southern India, with Introduetion bf Sir Ba&tli Fbeub, 
With 50 iUtiBtrations. Poat Sbo. 7«. 6d, 

QALTON (F.), Art of Travel ; or, Hints on the Shifts and Con- 

trlvanees available in Wild ConnfcrieB. Woodonts. Poat 8vo. 7a. 6d. 

GEOGRAPHY. [See Bokboky — CaonnE — Richardson — Smith 
— Studk«is\J 

GEOGRAPHICAL SOCIETY’S JOURNAL. (1846 to 1881.) 

Supplementary Papers (i). Travels and Researches in 

Western Ctiina. By E. Coldobkb Baber. Maps. Koyal 8 to. 6«. 
GEORGE (Ernbst). The Mosel ; a Series of Twenty Etchings, with 

Peacrlpttve Letterpress. Imperial 4to. 42a. 

Loire and South of France ; a Scries of Twenty 

Etchings, with Descriptive Text. Polio. 42i. 

GERMANY (History or). [See Markham.] 

GIBBON (Edward). History of the Decline and Fall of the 

Komaa Empire. Edited by Miuuv, Qoizot, and Dr. Wm. Sum. 
Maps, 8 Tola. Sro. 00#. 

The Student’s Edition ; an Epitome of the above 

work, incorporating the Researches of Recent Commentators. By Dr. 
Wm. Smith. Woodcuts. Post Svo. 7«. 6d. 

GIFFARD (Edward). Deeds of Naval Daring ; or, Anecdotes cl 

the British Navy. Ftap. 8 to, 8a. 6d. 

GILL (Capt. Wm). The River of Golden Sand. Narrative 

of a Journey through China to Burraab. With a Preface by Col. H. 
Yule, C.B. Maps and lUostrallons. 2 Yols. 8vo. dOa. 

(Mrs.). Six Months in Ascension. An Unscientific Ac* 

eonnt of a ScienUfle Expedition. Map. Crown 8vo. 9a. 

GLADSTONE (W. E.). Rome and the Newest Fashions la 

Religion. Three Tracts. 6vo. 7#. 0d. 

Gleanings of Past Years, 1843-?8, 7 voU. Small 

8vo. Ta. 6^. each. I. The Throne, the Prince Consort, the Cabinet and 
Constitution. 11. Personal and LUerary. Ill, Uletoricai and 6peen- 
lative. IV. Foreign. Y. and YX. Ecclesiastical. YU. Miscdlaneous. 

GLEIG (G. R.). Campaigns of the British Army at Washington 
and Mew Orleans. PostSvo. Sa. . 

‘ the Battle of Waterloo. Tost 8vo. 

Narrative of Sale’s Brigade in AfiPghanistan. Post 8vo. 2d. 

Life of Lord Clive. Post 8vo. 8s. 6d, 

Sir Thomas Mnnro. Pest 8vo. 8s, 

GLTNNE (Sir Stiphin B,). Notes on the Churches of Kent, 

WithPrehieeby W.H.aiadstone, M.P. lllnstrations. 8vo. 12a. 

GOLDSMITH’S (Ouvia) Works. Edited with Notes by Fxtmt 

" Ylgoettas. 4 Yols. Svo. SOs. 
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GOUH (SiE Wx. 1C*)) Oommandef-ia-Ckief ia India, C^iitible 

of the JTower, Colonel of the Coldatrcam Onardii. Hte l^ettore end 
JauriMiki. t70d to 1S15. £dlte4 byF.C. Carr Qcmim, With Portrait 
8vo. 12#. 

(Sift Axjbx.). Skeiokos of Odman and Sqenos 
ftorntbeWarofltioeratiion. FostSvo. 8«.64. 

— (X4ADT Dufr) Amber-Witch: A Trial for Witch^ 

emit FostSro. Sj. 

French in Alters. 1. The Soldier of the Foreign 

Legion, 2. The Prisoners of Abd-el-Kadlr. PostSm Si. 
QHAHMAR3. FSee Curtius; Hail; IIuttow; Kiho Bovakd ; 

LiBATints^ Mabtzkkb; MATTiir,®; Smith.} 

GREECE (Histort op). [See Grotb—Smith — Students’.] 
GROTE’S (Gkobgb)* WORKS 

HieTORT OP Gresoe. From the Earliest Times to Uie close 
of the generation contemporary vitb the Death of Alexander the Great. 
Library Edition. Portrait, Maps, and Plans. 10 Vols. 8 to. IMM. 
Cabinet Editi^m,. Portrait and PlaoB. 12 Vola, Post 8vo. 6a. eaeb. 

Plato, and other Companions of Socrates. 8 Vols. 8vo. iSs, 
Aristotle. With additional Essays. 8vo. 18-r. 

'Minor W’^orks. Portrait. 8ro. 14^. 

Letters on Switzeelahd in 1817. 6 s. 

Personal Life. Portrait. 8vo. 12^. 

GEOTE (Mrs.). A Sketch. By Ladt Eastlakb. Crown 3vo. 6 a. 
HALL’S (T. D.) School Manual of English Grammar. With 
Copious Exercises. i2mo. 8». 6d. 

Manual of English Composition, With Copious Illustra 

tions and Practical Exercises. 12mo. 3a. 6 d. 

Primary English Grammar for Elementary SchooJs. 

Based on the larger ttoi k. ISmo. 1.:^. 

Child s First Latin Book, comprising a full Practice of 
Nouns, Pronouns, and Adjectives, with the Actire Verbs. 16mo. 2#. 

H ALLAH’S (Henbt) WORKS:— 

The Constitutional History of England, from the Aceea- 

aion of Ueiiry the Seventh to the Death of Deorge ^e Second, Library 
Edition f 8 Vols. 8vo. 80#. Onbinet Ediiiort, S Vols, Post 8vo, 12«. Stu- 
dent's Edition^ Poet 8vo. 7s. 6d. 

History of Europe during the Middle Ages. Librca^y 
Edition^ 3 Vols. 6vo. 80«. Calinet Edition, 3 Yols. Post 8vo. 12#* 
Student's Editim, Post 6vo. 7#. 6i. 

Literary History of Europe during the] 16th, 18th, and 
17th CavTuiiTRs. Library Edison, 3 Vols. 8vo. 36#. C^net MUim, 
4 Vols. Post 8to. 16s. 

— — — (Arthur) Literary Remains; in Verse and Prose. 
Portrait. Peip.Svo, 8«. 6<i. 

HAMILTON (Andrew). Rhclnsberg : Memorials of Frederick the 

Orest ana Prixme Henry of Prussia. 2 Vols. CroenSvo. 21#. 

HART’S ABMT list. {Pvhluhod Quarierly and AnnuaUp*) 
HATCH (W. M.). The Moral Philosophy of Aristotle, con- 
sisting of a translation of the Niohomachean Ethiea. and of the Para- 
phrase attributed to AndronieQs, with an lutrodaetory Analyi^ of each 
book. 3vo. 18#. 

HATHEBLEY (Lord). The Continuity of Scripture, as DecliHwd 
by the Testimony of oar Lord and of the Bvangelkts and Apof^. 
Postdvo. 2#. 6d. 



PUBLIEttBD B7 MR. MURRAY. » 


SAT {StK J. H. D«im]tosi>). YTeattm Barbsty, ite Wild Ttlbet 
and Savaitre Aaimala. 1?<mt 9vo. 2«. 

HAYW ARB (A.). Sketches of Enjimeni Statetmen and Writers, 
with o;h©r BasajFR. Heprinted fram t» e ** QtiHrterljr Review.” Oeetenta: 
TUlerp, niswarelf, CaYour, Hetternfcli, Montaleiubert, Melboun e, 
W*t<le«ley, Ryron an I Tonnyeon, Vetiice, St. Siinon, Stvign^*, Du 
Deffiuid, IXeUand Heu^e, StTawberry ilill. 2 Vo’s. Svo. 28^. 

HEAD’S (Sia Fa^Nois) WORKS:- 

Tan Royal Ekoikber. IlIustratioBg. Svo. 12«. 

Life of Sir John BoKaoTNE. Post Svo. Is, 

Rapi» Jouhnbss ACK 06 S THE Paxpas. Post Svo. 2^. 

Bubbles FuoM TiTK Brunnen OP Nassau, llln .trations. Post 

8vo. ls,Gd. 

Stoekrs and Pokers j op, the London and North Western 
Railway. Dost Svo. 2a. 

HE BEE'S (Bifcuop) Journals in'India. 2 Vols. Post 8vo. 7d. 

— 1 Poetical Works. Portrait. Pcap. 8ro. 8«. ddL 

— Hymns adapted to the Church Service. Idmo. Is. 6d, 

HERODOTaS. A New English Version. Edhcd, with Notes 
and Eaaays, Uifltnrical, Ethnographical, and Q»^graphtca1, by Canon 
Eawlimsow, Si& XI. Rawlinson and Bia J. G. WiLKUiaoN. Map* and 
Woodonts. 4 Vols. Svo. iSit. 

HBBEIES (Et. Hon. John). Memoir of Jiis Public Life during 
th« Reigns of George III. and TV., WUllatn IV., and Qneen Victoria, 
founded on bl.s Letters and other Cnpnblished Documents. By his 
son, Edward Berries J C.B. 2 Vols, Svo. 245. 

HEESCHEL’S (Caroi.tnr) Memoir and Correspondence. By 
Mbs. John llEBSCiiSL. With PorixaU. Crown Svo. 78, 6(L 

FOREIGN HANDBOOKS. 

HAND-BOOK — TRAVEL-TALK. EagHsb, Frencb, Gernun, and 

Italian. New and Revised Edition. 18mo. B»,6d, 

— HOLLAND AND BBLOIDM. Map and Plans. 

Port 8»o. 6«. 

NOETH QEEMANY and THE EHINE,— 

The Black Forest, the XIarU, ThUrlngerwald. Saxon Swltaerland, 
Rtlgen, the Giant Mountaiua, Taunus, Odcnwidd, Elass, and Loth* 
rlDgwi. Hap and Plans. Post Svo. 1C5. 

SOUTH GERMANY, — Wurtemhurg, Bavaria, 

AastHa, Styrlo, Salchurg, the Alps, Tyrol, llungary, and the Danube, 
from Dim to the Black Sea. Maps and PianM. Post Svo. IQa. 

— — PAINTING, German, Flemiah^ wid Dutch Schools. 

Elnstrailoftts. a Vols. Post Svo. 24a. 

LIVES AND WOBKS OP EAELY PLEMISH 

PalntetB, Illtistrations. Post Svo. 7s, Gil 

— - 1 ^ — SWITEEELAND, Alps of Savoy, and Piedmont. 

In Two Parts. Maps and Plans. Post Svo, 

K - PEAKOE^ Part 1. Normandy, Brittany, the Preneh 

the Loire, Bel&e, OaroUne, and Pyrenees. Maps and 
Post Ore, 7s.6<f. 
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LIST OF tro&xs 


HAND-BOOK — FBAKCB, Part It Oeatra! Fraixeei Atirergne, the 

OefTMuie*, Bnrintndy, the Rhone and Saone, Provence, Nimee, ArH^, 
Haraeitleii, the French Alpe, Alsace, Lorraine, Champagne, Ao. Haps 
and Plans. Pest 8vo. 7«. id, 

--- MBDITERUANEAN— iU Principal lalandii, CiUea, 

Seaports, Uaihours, and B'^rder Lands* For trav«:lerti and jakitsmeD, 
wUu nearly 50 ilapa and Plans. Post 8vo. 20s. 

ALGERIA AND TUNIS. Alglera, Conatamlue, 

Oran, the Atlts llange. Maps and Plans. PostSva 10«. 

PARIS, and its Mnyirona. Mapa and Flans. 16mo. 

SPAIN, Madrid, The Oaatlles, The Baaqae Provinces, 

Leon, The Asturias, Qallela, Entreinadura, Andalusia, Honda, Granada, 
Murcia, Trienofa, v^talonia, Aragon, Navarre, The Balearie Islands, 
Ac. Ac. Maps and Plana. Post ^o. 2Ci, 

PORTUGAL, Lisbon, Porto, Cintra, Malht, Ae. 

Mi^ and Plan. Poet 6vo. 12s. 

NORTH ITALY, Turin, Milan, Oremoiia, the 

Italian Lakes, Berguno, Brescia, Verona, Mantna, Vieenna, Padua, 
Ferrara, Bologna, Ravenna, Rimini, PSacenaa, Genoa, the Bivlem, 
Venice, Parma, Modena, and Romagna. Maps and Plans. PostSvo. 10s 
CENTRAL ITALY, Florence, Lncca, Tnscany, The 
Marches, Umbria, Ac. Mapa and Plans. PostSvo. 10s. 

ROME AKD Its Ervibohs. With dO Maps and 

Flans. Post 8vo. 

SOUTH ITALY, Naples, Pompeii, Herculaneum, 

and Vesuvius. Maps and Plans. Post 8vo. 10s. 

PAINTING. The Italian Schoola. llluaiiaUona. 

2 Vols. Post 8vo. 80s. • 

LIVES OF ITALIAN PAINTERS, from Cimabxti 

to Bassano. By Mrs. Jauksov. Portraits. Post 8vo. 

NORWAY, Christiania, Bergen, Trondhjem. The 

FJelds and Fjords. Maps and Plans. PobtSvo. Os. 

SWEDEN, Stockholm, Upsala, Gothenbuxg, the 

Shores of the Baltic, &'<. Maps and Pl^n, Post 8vo. 6s. 

DENMARK, Sleswig, Holstein. Copenhagen, Jut- 
land, icelani. Maps and Plans. Fost8vo. 6«. 

RUSSIA, St. pBraasBURa, Moscow, Polahi), and 

FntLAsn. Maps and Plans. Poet 8vo. 18s. 

GREECE, the Ionian Islands, Continental Greece, 

Athens, the Peloponnesus, the Islands of the jEgesn Bea. Alhanis, 
Thessaly, and Macedonia. Maps, Plana, and Viewa. Post 8vo. 

TURKEY IN ASIA — Cohstahtihople, the Boa- 

pherus, Dardanellea, Broua*. Plain of Troy, Crete, Cyprus, Smyrna, 
Ephesus, the Seven Chiuobsa, Coasts of the Black Sear Armenia, 
Euphrates Valley, Route to India, Ao. Mapa and Flans. Post 8vo. 15s. 

— ' — EGYPT, including Descriptlona of the Conrae of 

the Kile through Egypt and Nubia, Alexandria, Cairo, and Thebes, the 
Sums Canal, the Pyramids, the Penitiania of Blnal, the Oases, the 
Fjropm, Ac. In Two Parts. Maps and Plans. PostSvo. 15s. 

HOLY LAND — Stria, Palxstirx, PeninanlR of 
Sinai. Edom, Syrian Deserts, Petra, Damascus : and Palmyra. Mans 
andPImis. PostSvo. SO*. Travelling Map of Palestine In a 
ease. 12s. 

— INDIA. ftEd PUns. Post Sro. FsrtL 

Bombav, 16s. Part II. Maoras, 15s. Part 111 . Bekoal. With 4 Maps. 
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ENQUSH HAND BOOKS. 

IIAHD-BOOK— ENGLAND AND WALES. An Alph&betlca 

H«,n4*Book. Condeuxod into Oae Volume for the Use of Trevelleri 
'WitbeltAp* PostSvo, lOt. 

llODBRN LONDON. Mapg and Plana. Idmo. 

. ‘ — ENVIRONS OF LONDON within a circuit of 20 

mlle^. 2 Voli. Crown 8tro. 21«. 

— ST. PAUL’S CATHEDE.iL. 20 lilustriUon.. 

Crown 6to. lOt. 8d . 

EASTERN COUNTIES, ChelmBford, Harwich, Col- 

ebeetiT, Meldon, Cambridge, Ely, Newmarbet, Bury St. Edmunda 
Ipawlch, Woodbddge, Felixstowe, Lowestoft, Norwich, Yariuouth, 
Cromer, &e. Map and Plans. Post 8vo. 12s. 

— CATHEDRALS of Oxford, Peterboroagh, Norwich, 

Ely, and Lincoln. With 90 Illustrations. Crown 8vo. 2U. 

KENT, Canterbury, Dover, Ramegate, Sheernees, 

Boebester, Chatham, Woolwich, Maps and Plans. Post Bvo. 7t. f 

SUSSEX, Brighton, Chi cheater, Worthing, Hastings, 

I^ewes, Arundel, Ac. Haps and Plans. Post 8vo. ts. 

SURREY AND HANTS, Kingaton, Croydon, Rei* 
gnte, Guildford, Dorking, Boxhill, Winchester, Southampton, New 
roreat, Portsmouth, Iblx or Wiout, &c. Maps and Plans. Poet 8vo. 

BPJBtKS, BUCKS, AND OXON, Windsor, Eton, 

Beading, Aylesbury, Uxbridge, Wycoin he, Henley, the City and Uni* 
▼eraity of Oxford. Blenheim, and the Descent of the Thames. Maps 
and Plans. PostSvo. 

WILTS, DORSET, AND SOMERSET, Salisbury, 

Chippenham, Weymoutli, Sberborae, Wells, Oath, Bristol, Taunton, 
Aq. Map. FostSvo. 

DEVON, Exeter, Ilfracombe, Linton, Sidmouth, 
Dawllah, TeIgnmouUt, Plymouth, Deronport, Tot quay. Maps and Plat s« 
PostSro. 7#. 6tf. 

CORNWALL, Launceston, Penzance, Falmouth, 

the Lizard, Land's Knd, Ac, Map^. Post 8ro. Be. 

CATHEDRALS of Winchester, Salisbury, Exeter, 
Wells, Chichester, Rochester. Canterbury, and St. Albans. With 130 
llluitratlons. 2 Vois, Cr. Rvo. 36*. St. Albans separately, cr. Svo. 

GLOUCESTER, HEREFORD, ako WORCESTER, 

Cireneester, Cheiteoham, Btroud, Tewkesbury, Leotninster, Roite, Mal> 
vem, Kidderminster, Dudley, Bromsgrove, Evesham. Map. Post 8vo. 

CATHEDRALS of Bristol, Gloucester, Hereford, 

Worceiter, and Lichfield. With 60 lUustrafions. Crown Svo. 16*. 

NORTH WALES, Bangor, Carnarvon, Beaumaris, 
Snowdon, Llanherts, Dolgelly, Oader Idris, Conway, Ac. Map, Post 
6m 7a. ^ 

SOUTH WALES, HonmouthT LlandalT, Merthyr, 

Vale of Neath, Pembroke, Carmarthen, Tenby, Bwan^ea, The Wye, Ac. 
Map. Post Svo. 7«. 

CATHBDBALS OF BANGOE, ST. ASAPH, 

Uralttf, knd 8t Q..U'k. With lIIuMrotiona. Fott Sro. 15«. 

NORTHAMPTONSHIRE AND RUTLAND--^ 

Northampton, Peterborough, Towcesier, I>aventry, Market Har* 
borough, Ketteriiig, Walilugborough, Thripston, Stomfind, Dialog* 
ham, Oakham, Maps. Post Svo, 7#. fid. 
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H0IOI {The StudeoVe). A History of England, from the Inva- 
•ion of Jnliutt CMat to the fieroluttoo of 1688. New Edition, revleed. 
cnrreoted, end oonUnfimt to the Tretty of Berlin, 1878. By J. 8. 
BaEWsa, M,a. With T Coloured Maps* 70 Woodente, Poet Svo. 7t.6d. 

Hm'CHINSOlJ (Gbp.). Dog Breaking, with Odds and Ends for 
those ^ho love the Dog aod the Gun. With 40 Illustrations. Crown 
8vo. 7n. 6d, 

HUTTON (H. E.). PrincipiaGrasca; an Introdnction to theStndy 

of Greek, (k^mpreheuding Orsmmer, Delectnn, and ExerdMhkook, 
with Vocabularies. Sixth ICdiHait. 12mo. 8«. 6*1, 

HUTTON (James). James and Philip van Artevelde. Two 

remarkable Episodes in the aon%ls of Flanders : with a description of 
the stale of Society in Flandere iu the 14th Century. Crown 8vo, 

[/rt the p)'c$$. 

HYMNOLOGY, Dictiohaky of. See Julian. 

INDIA. [See Elpuikstonb, Hand-book, Tbmple.] 

IRBY AND MANGLES' Travels in Egypt, Nubia, Syria, and 

the Holy I^usd. PoatSvo. 2a. 

JAMESON (Mbs.). lives of the Early Italian Painters — 
and the Progreee of Painting in Italy —Clmabue to Bassano. With 
60 Portraitfl. Post Syo. 12a. 

JAPAN. [See Bied, Mossman, Mounskt, Reed.] 

JENNINGS (IjOuis J.). Field Paths and Green Lanes in Surrey 

end Sussex. Illustrations. Post 8vo. 10a. 6tf. 

Rambles among the Hills in the Peak of Derbyshire 

and on the South Downs. With sketches of people by the way. With 
23 Illustrations. Post 8vo. 12a. 

JERVIS (R*v. W. H.). The Gallican Cburdi, from the Con- 

eordat of Bologna, 1616, to the Bcrolution, With au lutroduction. 
Portraits. 2 Vole. 8yo. 28«, 

JESSE (Edwabd). Gleanings in Natural History. Fcp.8vo. 3d. 6cf. 

JEX-BLAKE (Rev, T. W.). Life in Faith: Sermons Preached 
at Cheltenham and Rugby, Fcap. 8yo. 3a. 6d. 

JOHNSON'S (Dr. Sakusx.) Life. By James Boswell. Including 
the Tour to the Hebrides. Edited by Mb. Cbokib. 1 Yol. Royal 
8vo. 195. 

JULIAN (Rev. John J.). A Dictionary of Hymnology. A 

Cnmpaulon to Existing Hymn Bookf>. Setting forth the Origin and 
History of the Hymns contained in the Principal Hynmals used by tbe 
Churches of England, Scotland, and Ireland, and various Dissenting 
Bodies, a ith Notices of their Authors. Post Svo. [In the Pre»$, 

J 0 NIUS’ Handwritino Professionally investigated. By Mr. Cha boy. 
Expert. With Prefkoe and Collateral Evidence, by the Hon. Edwabd 
T wximBToa. With Faeeimiles, Woodcuts, Ac. 4to. £8 85 . 

KEBE (B. Malcolm). Student's Blackstone. A Systematic 
Abridgment of the entire Commeutaries, adapted to tbe present state 
ofthelftw. PoetSvo. 7s. 64. 

KING EDWARD VIth's Latin Grammar. 12mo, Z$. 6d. 

First Latin Book« 32mo. 2s. 6d, 

KING (B. J.). Archeology, Travel and Art ; being Sketches and 

Studies, Historical and l^criptive. 8vo. 12«. 

KIRK (J. Fostan). History of Charles the Bold, Duke of Bur* 

gundy. Portrait dVdls. Svo. 45s. 

KIRKSS* Handbook of Physiology, Edited by W, Morraitt 
EAK fii,F.R,C.8, With 400 Xiiuitratioiu, Post 8to. 14s. 
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KU0LBE*S Handbook of FainUng.^Tho Italian Scboola. Bo* 
vised aad Bemodellsd ftvnn tbs most reoeat Besearebes. By I«adt 
Eastlilkk* Wi^ 110 Illustrations. 3 Vols. Crown 8vo. 80s. 
'"' -— '■" M l Handbook of Fainting. — ^The German^ Flemish^ and 

Duteh ScbooU. Bovbied and in part re-wrltten. By J. A.. OaowB. 
With 60 lUustratloQS. 2 Vols. Grown 8vo. 2i«. 

LAKE (B. W.), Account of the Manners and Customs of Modern 

Egyptians. With Iliustratlons. 2 Vols. Post 8vo. 12.''. 

LAWRENCE (Sib Gbo.). Reminiscences of Forty-three Years' 

Service In India. Crown 8vo. 10«. 6d. 

LATARB (A. H.). Nineveb and its Remains; a Popular Account 
of Researches and Dlsooveries amidst the Ruins of Assyria. With 
Illustrations. Post 8vo. 7s. 6d. 

Nineveh and Babylon ; A Popular Account of Bis* 

coreries in the Ruins, with Travels in Armenia, Kurdistan and the 
Desert, during a Second Expedition to Assyria. With Illustrations. 
Post 6vo. 7s. 6d. 

LEATHES (Stawlbv). Practical Hebrew Grammar. With the 
Hebrew Text of Genesis 1. — vi.. and Psalms i.—vi. Grammatical 
Analysis and Vocabulary. PostSvo. 7* . 6d. 

LENNBF (Rbv. H. J. Van). Missionary Travels in Asia Minor. 
With Illustrations of Biblical History and Arcbeeology. Map and 
Woodcuts. 2 Vols. PostSvo. 24«. 

Modem Customs and Manners of Bible Lands in 

Illustration of Scripture. Maps and Illustrations. 2 Vols. Svo. 21«. 
LESLIE (C. R.). Handbook for Young Painters. Illustrations. 
Post Svo. 7s. 6d. 

l^ife and Works of Sir Joshua Reynolds. Portraits, 

2 Vols. Svo. 42i». 

LETO (PoMi'ONio). Bight Months at Rome during the Vatican 

Council. Svo. 12.». 

LETTERS From tub Baltic. By a Lady. PostSvo. 2a. ' 

Madras. By a Lady. PostSvo. 2a. 

Sierra Leonb. By a Lady. Post Svo. 3a. 

LEVI (Leone). History of British Commerce : and Economic 
Progress of the Nation, from 1T63 to 1878. Svo. 1S«. 

LEX SALIC A; the Ten Texts with the Glosses and the Lex 
Etnendata. Synoptically edited by J. II. Hksbki.s. With Notes on 
tbe Frankish Words lu tho Lex Salica by H. Kkbn, of Leyden. Ito. 42s. 
LIDDELL (Dean). Student’s History of Rome, from the earliest 
Times to the establishment of the Empire. Woodcuts. Post 8vo. 7«. 6d!, 

LISFINGS from LOW LATITUDES; or, the Journal of the Hon. 

ImpulsiaGushington. Edited by LoanDuFrERiH. Wirh24 Plates, ito. 21«. 

LIVINGSTONE (Dr.). First Expedition to Africa, 1840-56. 

Illustrations. Post Svo. 7#. 6<i. 

— Second Expedition to Africa, 1858-64. Illustra- 

tion'). PostSvo. 7$,6d. 

* — Last Journals in Central Africa, from 1865 to 

^ his Death. OontSnued by a Narrative of his las t moments and sufibringa. 
ByRev.HoNAoaWAXiLaa. Maps and Illustrations. 2 Vols. Svo, 16«. 

- — Personal Life. From his unpublished Journals 

and Correspondence. By Wm. G. Blalkle, D.D. With Map and 
Portrait. 8vo. 15#. 

LIVlNGSTONIA. Journal of Adventures in Exploring Lake 

Kyassa, and Estahllshlng a Missionary Settlement there. By £. D. 
Touso, R.N. Haps. PostSvo. 7at.6d. 

LIVONIAN TALES. By the Author of " Letters from the 
Baltle/^ PostSvo. 2#. 
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LOCKHABT (h 0«). Ancient Bpaniah Ballade. Hisioiteal and 
Bomsotld. Tm^aied, with Notes. IHuetrationa CTOwa^re. fit. 

; Life of Theodore Hook. Fcap. 8vo. It. 

LOUDON (Haa). Cfardening for Ladies. With Directions and 
CtdwtAar of Operations for Everjr Month. Woodcuts. Fcsp. 8vo. 8«. Ccf. 
LYALL (Sir Alfred C.), K.C.B. Asiatic Studies ; Religions and 

Social. Svo. [Inihepresi, 

LYEi^L (Sir Chaeltw). Principles of Geology; or, the fclodem 

Changes of the Earth and its Inhabitants considered as illustrative of 
Oeolcigy. With Dlustratlons. 2 Vols. 8vo. 82s. 

Student’s Elements of Geology. With Table of Brliiidi 

Fossils and 600 Illustrations. Third Edition^ Revised. Post Svo. Os. 
Life, Letters, and Journals. Edited by his sister-in-law, 

Miis. Lykll. With Portraits. 2 Vols. Svo. 

(K.M,). Geographical Handbook of Ferns. With Tables 

to show their Distribution. Post Svo. Ts. ftt, 

LYTTON (Lord). A Memoir of Julian Fane. With Portrait. Post 

Svo. 6s. 

McCLINTOCK ( Sir L.). Narrative of the Discovery of the 

Fate of Sir John Franklin and his Companions In the Aretio Seas. 
With Illustrations. Post Svo. 7t. 6d. 

M ACDOUGALL (Col.). Modem Warfare as Indueneed by Modem 

Artillery, With Plans, Post Svo, 12«. 

MACGREGK)ll (J.). Rob Roy on the Jordan, Nile, Red Sea, Gen- 

nesareth, &c. A Canoe Cruise In Palestine and Egypt and the Waters 
of Damascus. With 70 Illustrations. Crown Svo. 7s. Qd. 

MAETZNEE’S Engiish Grammar. A Methodical, Analyticali 
and Historical Treatise on the Ortiiograpby, Prosody, Inflections, and 
Syntax. By Clair J. Gbrce, LL.D. 3 Vols, Svo. 88#. 

MAHON (Lord), see Stakuoi’E. 

MAINE (Sir H. Summer). Ancient Law : its Connection with the 
Early Uisiory of Society, and its Helation to Modern Ideas. Svo. iSs. 

Village Communities in the East and West Svo. 12^. 

Early History of Institutions. Svo. 12a. 

MALCOLM (Sib Johe). Sketches of Persia. Post Svo. 8d. 
MANSEL (Dean), Limits of Religious Thought Examined. 

Post 8vo, 8a, $d. 

Letters, Lectures, and Reviews. Svo. 

MANUAL OF SCIENTIFIC ENQUIRY. For the Use of 

TraveHere. Edited by Rrv. B. Main. Post Svo. 8 a. 6d. 
order o/thr. Lords i\f the Admiralty,) 

MARCO POLO. The Book of Ser Marco Polo, the Venetiin. 

Concerning the Kingdoms and Marvels of the East A new English 
Version. Unstrated by the light of Oriental Writers and USam 
Travels. By Coi.. Hem&v Yul*. Maps and Illoittratlous. 2 Vols. 
Medium Svo. 63t. 

MARKHAM (Mas.). History of England. From the FItvt lnv&« 

aka hy the Koniana. Woodcuts. 12iuo. 8 a. 

— - — History of France. From the Ccmquest by the 
Oauk. Woedenta. 12mo. 8a. 64. 

History of Germany. From the Invasion by Marius, 
Woodcuts. 

(CuoiKiirs R,). A Populi^ Account of Peruvian 

Bark and fta introdaotioa into Brltiah India. With Jii^« Post 
evo. I4 a. 
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MAIWTAT (Jo$Bta). Hktorjr «f Modem and Medieeral F«tte )7 

•aid lPdtc«Uiiu With a xyef»oiipUo& of the Manufacture. Plates and 
Woodcuts. 9 to. 42t. 

IfiJtSH (G. P.). Blttdeni’ft Manual of tbo English Language. 

IBdited with Additions. By Dn. W«. Smith. Post Svo. 7s. 6d. 
MASTEB3 in Englkb Theology. Lecture* delivered at King’s 
College, London, in 1877, by Eminent Divines. With Introduction by 
Canon Barry. PostSvo. 7s. Bd. 

MATTHIiB’S GaSBK Qbamuab. Abridged by Blokfxbld, 
Ssvited by E. S. Crookb. 12mo. 4«. 

MAURBL’d Character, Actious, and Writings of Wellington 
Fcap. 8vo. ts. 6cl. 

MAYO (Loan). Sport in Abyssinia; or, ibe Mareb and Tack* 

ajCEOe. With llluBtrations. Crown 8vo. 129. 

MELVILLE (HsmcAinr). Marquesas and South Sea Islands. 

* Vola* PostSvo. 7a 

MEREDITH (Mbs. Obaeubb). Kotea and Sketches of New South 
Wales. Post 8vo. St*. 

MICHAEL ANGELO, Sculptor, Painter, and Architect. His Life 
and Works. By C. Heath Wn.soH. With Porlrair. Illustrations and 
Index. 8vo. IBs. 

MIDDLETON (Chas. II.) A De^-criptive Catalogue of the 
Etched Work of Bembrandt, with Life and Introductions. Witii 
Explanatory Cuts. Medium 8vo. 319. 6 d . 

MILLINGTON (Rbv. T. S.). Signs and Wonders in the Land of 
Ham, or the Ten Plagues of Egypt, with Ancient and MMero lUustra* 
tions. Woodcuts. Post 8vo, 79. 6d. 

MILMAN*S (Deab) WORKS:— 

History or the Jews, from the earliest Period down to Modern 
Times. 3 Vols. Post 8vo. 189. 

Early Christianity, from the Birth of Christ to the Aboli- 
tion of Paganism in the Homan Empire. 8 Vols. Post 8vo. 189, 
Latin Cbeistiahity, including that of the Popes to the 

Puutlfieate of Nicholas y. 9 Vola. Postbvo. 549. 

Handbook to St. Paul's CATnEDiuL. Woodcuts, Crown 

8vo. 109. cu. 

Quinti ITorath Flaooi Opera. Woodcuts. Sm. 8vo. Ts» 6cf. 
Fall of Jerusalem, Fcap. 8vo. Is. 

MILMAN’S (Capt. E. A.) Wayside Cross. Post 8vo, 2s. 

(Bisbop, D.D.,) Life. With a Selection from his 

Correig^ndetce and JounmU. By bis Sister. Map, 8vo. 129. 

MI V ART (St. Gsoroe). Leeeona from Nature; as manifested in 

Mind and Matter. 8vo. 159. 

- - The Cat. An Introduction to ibe Study of Backboned 

AQifna]i»,eapectalIy Mammals. Wlth200IlU^trations. Medium 8vo. t0<. 
MOORE (Thomas). Life and Xteiiers of Lord Byron. Cahinel 

Mtion . With Piatea. 6 Vela. Heap. 8vo. 189. ; i opuiar EdUion , 
with Portraits. Eoyal 8vo, Ta. Sd. 

MORESBY (Capt,), R.N. Discoreries in New Guinea, Polynesia, 
Torres Straits, 4^0., during the crul»o of H.M.8. Basilisk. Map and 
llkiatrations. 8vo. Ids. 

MOSSMAN (Samuil). New Japan; the Land of the Eking Sun ; 

its Annals during the past Twenty Years, recording the remarkable 
Progress of the Japanese in Western Civilisation. Wim Map. 8vo. 159 
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MOTLEY (J. hX History of the United Ketherlands : from the 
Deatb of William tbe Silent to fheTirelve Years’ Truce, tOOO. Portraiti. 
4 Vole. PoetSvo. e^.eaoli. 

itnd Death of John of Bameveldi 

Advocate of llolland. With a Vieir of the Primary Oanees aod 
Movemente of the Thirty Years’ War. lUuBtrationa. S Vole. 
Poet 8vo. 12a. 

MOZLEY (Canos). Treatise on the Angustinian doctrine of 

Predoiitination. Croirn 8vo. 9a. 

MUIEHEAD (Jab.). The Vaux-4e-ViTe of Maistre Jean Le Houx, 
Advocate of Vire. Translated and Edited. With Portrait and lllUB- 
fraUons. 8vo. 21a. 

MUHEO*S (Gsnbeal) Life and Letters. By Bxv. O. B. Gisio. 

Post 8vo. Stf. 6(2. 

MUBOHISON (Sir Rodsriok). Siluria ; or, a Histofy of the 
Oldest Kooks containing Organic Remains. Map and Platea. 8to. ISe. 
— Memoirs. With Notices of his Contemporaries, 

and Rise and Progress of Paleeoaolc Geology. By ABOBisai.D Gxikii, 
Portraits, 2 Vols. 8vo. 80^- 

MUBRAY (A, S.), A History of Greek Sculpture, from the Earliest 

Times down to the Age of Pbeidias. With Illnstrations. Roy. 8vo. 21$. 
MUSTERS’ (Capt.) Patagonians; a Year’s Wanderings over 
Untrodden Ground from the Straits of Magellan to the Rio Negro. 
Illastrationa. Post 8vo, 7f. 6il. ^ 

NAPIER (Sir Wu.). English Battles and Sieges of the Peninsular 
War. Portrait. Post 8vo. 9#. 

NAPOLEON AT FoNTAiKKBLRAir AND EhBA. Joumal of 

Occurrences and Notes of Conversations. By Sib Nkil Campbsij:,. 
Pot trait. 6vo. 15<. 

NAHES (Sir Groeqh). R.N. Official Report to the Admiralty of 
the recent Aicfic F.x^cdUion. Map. 8vo. 28. 6f2. 

NAUTICAL ALMANAC (The). (By AutJioiitt/.) 2s. 6<4 
NAVY LIST. (Monthly and Quarterly.) Post 8 yo. 

NEW TESTAMENT. With Short Explanatory Commentary. 
By AncHDRACO^f Chubton, M.A., aod the Bishop op St. David’s. 
With 110 authentic Views &c. 2 Vols. Crown 8vo. Sis. bound. 

NEWTH (Samuel). First Book of Natural Philosophy; an Intro- 
duction to the Study of Statics, Dynamics, Hydrostatics. Light. Heat, 
and Sound, with numerous Examples. Small 8vo. 8i. 6d. 

Elements of Mechanics, including Hydrostatics,^ 

with numerous Examples. Small 8vo. 88. td. 

— Mathematical Examples. A Graduated Series 

of Elementary Examples in Arithmetic, Algehra, Logarithms, Trigo- 
nometry, and Mechanics. Small 8vo. Ss. 6d. 

NICOLAS (Sir Harris). Histoxlo Peerage of England. Ezhh 
hiting the Origin. Descent, and Present State of every Title of Peer, 
age which has existed in this Country sSnee the Conquest. By 
WiLUAsr UoubThofb. 8vo. 308. 

NILE GLEANINGS. See Siuart. 

NiMBOD, On the Chace— Turf— and Road. With Portrait and 
plates. Crown 8 VO. Gs. Or with Coloured Plates. 7#. Od. 
NOBDHOFF (Cnas.). Communistio Societies of the United 
States; including Detailed Accounts of the Shakers, the Amana, 
Oneida, Bothell, Aurora, Icarian and other existing Socieiles. With 
40 II lustrations* Svo. Ifis. 

NOBTHCOTBrS (Sir Jobh) Notebook In the Long Parlbment. 

Containing Proeeetllngs during Us First Session, 1640. Edited, with 
a Memoir, by A. H. A. Hamlltcn, Crown Svo. 2a 
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OWEK (LiEtJT.-CoL.). Principles and Fraotlee of Modem ArUUerj^ 
including Arkillarjr Mateficl, Ounneir. and Orgaoliation and Uaa uf 
Artillery in Warfiire. 'With lUuetratlona 6ro. ie«, 

OXBNHAM (Ext* W.). English Kotes for Latin Elegiacs ; dedgned 
for early ProfielenU in the Art o| Latin Veratfloation^ with PreliKtory 
Hulee of Compoaltion in Elegiac Metre. ISmo. St. M. 

PAGET (Loed Geoeqb). The Light Cavalry Brigade in the 
Crimea. Containing Extracts from Jonrnal and Correspondence. Map. 
Crown 8vo. 10s. 6(t. 

PALGBAYE (R. H. L). Local Taxation of Great Britain and 

Ireland. Svo. &r. 

PALLISER (Mbs.)* Mottoes for Monuments^ or Epitaphs selected 
for General Use and Study. With lUustratlons. Crown 8vo. 7s. 6d. 
PARIS (Dr.) Philosophy ^ Sport made Science in Earnest ; 
Of, the First Principles of Kattiral Philosophy inculcated hy aid of the 
Toys and Sports of Vouth. Woodonts. Post 8vo. 7s.6dL 

PARKYNS* (Mahbpield) Three Yearn* Residence In Abyssinia: 

with Travels In that Country. With Illustrations. Post 8vo. 7s. Sd, 

PEEL'S (Sir Robsrt) Memoirs, 2 Yds. Post 8 vo. 15s. 
PENN (jj^cHABD). Maxims and Hints for an Angler and Chess* 

player. Woodcuts. Fcap. 8vo. 

PERCY (JoHK, M.D.). Metallobot. Fuel, Wood, Peat, Coal, 

Charcoal, Coke. Fire-Clays. Illustrations. 8vo. 80a. 

Lead, including part of Silver. Illustrations. Sro. 80^; 

Silver and Gold. Part 1. Illustrations, 8 vo. 80^. 

PERKY (Rrv. Caron). Life of St. Hugh of Avalon, Bishop of 

Lincoln. Post Svo. 10a. f 

History of the EnglLh Church. See Students’ Manuals. 

PHILLIPS (Samuel). Literary Essays from “ The Times.” With 

Portrait, 8 'VoU. Fcap.Svo. 7a. 

POLLOCK (C. E,), A book of Family Prayers. Selected from 

the Liturgy ot the Church of England. 16mo. 3$, 6d, 

POPE’S (Alexander) Works. With Introductions and Notes, 

by Ear. Whitweli. Elwiw, and W. J. Couethope. Vols. I., IL, III., 
VI., VII., VIII. With Portraits. 8 to, 10a. SA each. 

PORTER (Rev. J. L.). Damascus, Palmyra, and Lebanon. With 

Travels among the Giant cities of Banhan and the liauran. Map and 
Woodouta. PostSvo. 7a. Sd. 

PRAYER-BOOK (Illustrated), with Border^ Initials, Vig- 
nettes, Ac. Edited, with Notes, by Rbv. Tbob. Jamjcb. Medium 
8vo. t8a. ehxA; SU. 6d. calf; B39. morocco, 

(The Convocation), with altered rubrics, show- 
ing the book if amended in oonformiiy with the recomioendadons of 
the Convocations of Canterbury and York in 18t9. Post Svo. 5a. 

PRINCESS CHARLOTTE OF WALES. A Brief Memoir. 

With Selections from her CorreBpondenoe and other unpublished 
Papers. By Ladt Bose Wsioall. With Portrait 8vo. 8a. 6d.’ 

PRIYY COUNCIL JUDGMENTS in Ecclesiastical Cases re- 
lating to Doctrine and DiHcipline. With Historical Introduction, 
by O. C. Bbodeick and W. H. FaEXAin-LE. 8vo. 10a. Bd, 

PSALMS OP DAVID. With Notes Explanatory and Critical by 

the Dean of Wells, Canon Elliott, and Canon Ccok. Medium 8vo. 10a. Od. 

PUBS IK BOOm With 13 n!iMtMtioii& B 7 Otto Setatm, 
Umo. lt.U. Or Mmmi, S>. id, 

BBYXBW ^a). 8 to. ««. 
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KAK (Epwaex^). Couiiirj of the Moors. A Journey from Tripoli 
to tltd Holf 0it7 of Kairfrao. Map and £tc3iinga. Crows 8vo. 12«. 
The WhUe Sea Penlosula. Journey to »he White Sea^ aad 

the Kola Fenloeula. With Map and lljuatratious. Crown $vo. 16 ji. 

BAMBLh^ m the Syrian Deseru.. Poet 8vo. 10«. 6d, 

BASSAM (Hoehuzd). British Mission to Abyssinia. Illustra- 

tions 2 Vole. 8vo. 28tf. 

RAWLINSOK'S (Canon) Herodotus. A New English Version. 
Edited with Notee and E^BHays. Maps and WoodcotB. 4Yols. Sro. 48s. 

Five Great Monarchies of Cbaldsea^ Assyria, Media, 

Babylonia, aDdfPerHia. With Maps and Illustrations. 8 Vola Svo. 48% 

^Sin Henky) England and Russia in the East ; a 

Series of Tapers oo the Puiltlcal and Geographical Condition of Central 
Asia. Map. 8vo. 12s. 

REED (Sir E« J.) Iron- Clad Ships ; their Qualities, Performanoes, 
and Coat. With Chapters on Turret Bhip», lron>Clad Rama^dic. With 
lilustiations. 6vo. 12«. 

— Letters from Russia in 1875. 8vo. 5.?. 

Japan : Its History, Traditions, and Religions. With 

Narrative of a Visit In lb79. lilustratlons. 2 Volt*. 8vo. 28;». 

REJECTED ADDRESSES (The). By Jamba and H6raob Smith. 

Woodi'Uts. Post 8vo. 3^- 6»f { or PojmLty MtUion, Fcap. 8vo. Is. 

REMBRANDT. See MinnhiLTON. 

REYNOLDS’ (Sm Joshua) Life and Times. By C. R, Lbslix, 

K.A. and Tom Tavloe. Portraits. 2 Vols. 8vo. iU , 

RICARDO’S (Dayid) Political Works. With a Notice of his 
Life and Writings. By J. B. McCulloch. Svo. 18#. 

BIPA (Fathke), Thirteen Years at the Court of Peking. Post 

8vo. 2«. 

ROBERTSON (Canon). History of the Christian Church, from the 
Apostolic Age to the Heformation, 1517. SVoIh. Post 8vo. 6«. each. 
ROBINSON (Ret. De.). Biblical Researches in Palestine and the 

Adjacent Regioim, 1836 — 6S. Maps. SYoIh. 0vo. 42<. 

ROBINSON (Wm.) Alpine Flowers for English Gardens. With 

70 lllustrationB. CiownSvo. 7 j». Cd. 

Sub-Tropical Garden. Illustrations. Small 8 vo. 5 a 

ROBSON (E. R.). SoHoon Abohiteoturk. Remarks on the 
Planning, Deeigaing, Building, and Fumisliiug of School-houses. 
lllustrationB. Medium 8vo. 18s. 

ROME (History or). See Gibbon — Libbexl — Smith — Students*. 
ROYAL SOCIETY CATALOGUE OF SCIENTIFIC PAPERS. 

8 vols, 8ro. 20^. each. Balf morocco, 28s. each. 

BUXTON (Geo. F.), Travels inMexico; with Adventures among Wild 
Trihen and Animals of the Prairies and Roehy Mountains. Post Svo. d«.6d. 
ST. HUGH OF AVALON, Bishop of Lincoln; his Life by G. G. 

PERfnr, Can n of Lincoln. Poat Svo, 10», 6d, 

ST, JOHN (Oh ARIES). Wild Sports and Natural History of the 
lllghtandB of Scotland. Illustrated Edition. Crown $vo* 15s. CkiUip 
JSdUunf, Pt>Bt Svo. 3a. 6d, 

(Bayle) Adventures In the Libyan Desert. Post 8vo. 2d. 

S ALDAN HA (Duke of), See Carnota. 

SALE’S (Six Robert) Brigade in Affghanistan. With an Aceonnt of 

the Defence of JeUalahad, By Rev. Q. E. Gleio. Post 8vo. 8a. 

SCEPTICISM IN GEOLOGY; and the Reasons for It An 

a»Si*tnbiBjcrc of facts from Nature combining to refute the ihsoty of 
“Causes now in Action."’ By Xmmxn. Woodcuts. Crown Svo. 6#. 
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ftCHLIBMAKK (DR. Hbrry). Troy and It® Bemaina. A Karra- 
tive of Beitfarohea aad Dlacoverioo mado on the Site of lliam, aud In the 
Trojah Plain. With 60 J lliuetrationB. Medium 8vo. 42#. 

Ancient Mycenai and Tiryns. With 500 Ulua- 

trations. Medium Svo. 60^. 

llioBj the City and Country of tie Tr«jan8, 

iududiu;^ all Iteoent Discoveries and Reocarcbes made on the Site 
of Troy and the Troad. With an Autobiography. With 20C0 Illus- 
trations. Imperial 6vo. 50a 

SCHOMBRHC (GjRKH»AL). The Odyssey of Homer, rendered 
into English verse. 2 vols. 8vo, 24#. 

SCOTT (SiE Qxlbert), Lectures on the Rise and Development 
of liedimval Architecture. Delivered at the Royal Academy. With 
400 llIustratioDS. 2 Vols. Medinm 8vo. 42#. 

SBEBOHM (Hekrt). Siberia in Europe ; a Naturalist’s Visit to 
the Valley of the Petchora in N.E. Russia. notices of Birds and 

their migrations. With Map and Illustrations. Crown 8vo. 14*. 

— Siberia in Asia. Travels, Adventures ana Ornitho- 

logical Researches on the Eastern side of the Ural Arounrains. With 
Illustrations. Crown Svo. [in ih' pm*. 

SELBORKE (Loan). Kates on some Passages in the Inturglcal 
History of the Reformed Englihh Church. Svo. 0*. 

SHADOWS OP A SICK ROOM. IWace by Canon Liudon. 

idmo, 2s. M. 

SHAH OP PERSIA’S Diary during his Tour through Europe in 
1873. Translated from tlie Original. By J. W. Rkuuousr. With 
Portrait and Coloured Title, Crown Svo. 12s. 

8 HAW (T. B.). Manual of English Literature. Post Svo, 7«. 6(^, 

Specimens of English Literature. Selected from the 

Chief Writers. Post Svo. T*. 6d. 

SHAW (Robert). Visit to High Tartary, Yarkand, and Kashgar 
(formerly Chinese Tartary), and Return Journey over the Karakomm 
Pass. With Map and Illustrations. 8vo. 16*. 

SIERRA LEOKE ; Described in Letters to Pi lends at Homo. By , 

A Ladt. Post Svo. 8*. 6d. 

SIMMOKS (Capt.). Constitution and Practice of Courls-Mar- 

• tial. Svo. 15*. 

SMILES* (Bauvsl, LL.D.) WORKS 

British Eroinbers ; from the Earliest Period to the death of 
the Btephenson*^, With lUustraiions. 5 Yols. Crown Svo. 7*. Sti each. 

Life of Qeorqe Stephenson. Post Svo. 6d. 

Life op a Scotch Naturalist (Thos. Edward), lilugtrations. 
Post 8 to. [/rt f/te Prets, 

Life of a Scotch Geolooist and Botanist. (Robert Dick). 
Illustrations. Crown Svo. 12*. 
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